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Foreword 


The  Food  Protection  Committee  has  discussed  in  a  number 
of  its  reports  general  principles  and  procedures  for  evaluating 
the  safety  of  additives  for  use  in  providing  our  food  supply.  In 
these  statements  the  problem  of  evaluating  carcinogenic  hazard 
is  recognized  but  not  extensively  considered.  The  public  atti¬ 
tude  and  general  state  of  knowledge  concerning  carcinogenic 
hazards  in  the  environment  seemed  to  warrant  special  considera¬ 
tion  of  carcinogenic  hazard  associated  with  use  of  food  additives, 
and  to  this  end  the  Food  Protection  Committee  formed  its  Sub¬ 
committee  on  Carcinogenesis. 

The  present  report  was  prepared  by  the  Subcommittee  after 
extensive  review  of  available  information.  It  is  a  consensus  of 
often  widely  diverse  viewpoints  and  interpretations.  The  Food 
Protection  Committee  wishes  to  express  its  appreciation  to  the 
Subcommittee  on  Carcinogenesis  for  its  long  and  critical  atten¬ 
tion  to  this  problem. 
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INTRODUCTION 


Food  additives*  as  possible  factors 
in  the  etiology  of  human  cancer  must 
be  considered  within  the  framework  of 
our  knowledge  of  causal  factors  for 
cancer  in  general.  Since  Pott’s  obser¬ 
vation  in  1775  that  chimney  sweeps 
developed  an  unusually  high  incidence 
of  carcinomas  of  the  scrotum,  there 
have  been  defined  a  number  of  other 
occupational  and  environmental  groups 
which  develop  significantly  higher  in¬ 
cidences  of  cancers  at  specific  sites 
than  are  found  in  the  general  popula¬ 
tion.  These  groups  include  workers  in 
the  manufacture  of  certain  organic 
dyes  (cancer  of  the  urinary  bladder), 
certain  tar  and  oil  workers  (skin  can¬ 
cer),  chromate  refiners  (bronchogenic 
carcinomas),  and  persons  exposed  to 
radium,  in  particular  watch-dial  paint¬ 
ers  and  the  recipients  of  radium  water 
as  a  therapeutic  agent  (osteogenic 
sarcomas) . 

The  suspected  carcinogen  in  each 
of  the  instances  cited  (except  that  of 
chromate  refiners)  has  induced  cancer 
in  laboratory  animals  similar  to  that 
produced  in  man.  For  instance,  ex¬ 
posure  to  coal  tar  gives  rise  to  skin 
cancer  in  the  rabbit  and  various  other 
laboratory  animals  as  well  as  in  man. 
These  observations  led  to  the  isolation 
and  the  synthesis  of  the  first  chemi¬ 
cally  defined  carcinogens,  1, 2,5,6- 


Throughout  thls  report  the  term  fo 
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dibenzanthracene  and  3,4-benzpyrene. 
Subsequent  studies  have  shown  that 
a  large  number  of  related  polycyclic 
aromatic  hydrocarbons  are  also  car¬ 
cinogenic  for  experimental  animals, 
although  most  of  these  compounds  are 
not  known  to  represent  present  en¬ 
vironmental  hazards  for  man.  Simi¬ 
larly,  the  occurrence  of  cancer  of  the 
urinary  bladder  in  workers  in  the 
manufacture  of  certain  organic  dyes 
led  to  attempts  to  induce  similar 
tumors  in  experimental  animals  with 
/3-naphthylamine.  Benign  tumors  of 
the  bladder  in  rats  and  rabbits  were 
observed  and,  eventually,  carcinomas 
in  the  bladders  of  dogs  treated  paren- 
terally  or  orally  for  long  periods.  Al¬ 
though  the  benign  lesions  were  not 
considered  of  critical  importance  at 
the  time,  they  gave  an  early  indication 
of  the  potential  activity  of  /3-naphthyl- 
amine.  Subsequent  studies  have  re¬ 
vealed  the  carcinogenicity  for  the 
bladder  of  two  related  amines  both  in 
experimental  animals  and  in  man.  In 
like  manner,  the  different  cancers 
seen  in  men  exposed  to  x-rays  and 
other  ionizing  radiations  have  been 
produced  in  experimental  animals  to¬ 
gether  with  other  types  of  cancer  not 
attributable  in  the  human  to  irradia¬ 
tion. 

It  has  not  yet  been  possible  to  induce 
cancer  in  animals  by  experimental  ex¬ 
posure  simulating  certain  conditions 
epidemiologically  associated  with  can¬ 
cel  induction  in  man.  For  example; 
Although  recent  evidence  has  shown 
a  close  correlation  between  the  rising 
incidence  of  bronchogenic  carcinoma 
in  the  United  States  and  Europe  and 
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heavy  smoking  and  atmospheric  pollu¬ 
tion,  these  tumors  have  not  been  ob¬ 
served  in  experimental  animals  under 
conditions  intended  to  simulate  the 
respiratory  exposure  to  tars  and  soots 
in  man.  This  apparent  lack  of  corre¬ 
spondence  between  the  epidemiological 
and  experimental  findings  is  not  sur¬ 
prising.  At  the  present  time  about 
30,000  cases  of  bronchogenic  carcino¬ 
ma  occur  annually  in  the  United  States 
in  a  population  of  about  60,000,000 
over  the  age  of  40  years.  In  25  years 
this  would  amount  to  750,000  cases,  a 
cumulative  incidence  of  about  1.25  per 
cent  in  the  older  adult  population. 
Taking  into  account  recent  trends  in 
mortality  from  lung  cancer  and  other 
causes,  approximately  2.5  per  cent  of 
the  population  may  be  expected  even¬ 
tually  to  develop  lung  cancer.*  In  the 
laboratory,  practical  considerations 
(particularly  the  size  of  experimental 
groups)  make  this  level  of  carcino¬ 
genic  activity  difficult  to  detect.  In  the 
absence  of  data  on  lung  tumors,  the 
induction  of  skin  tumors  in  mice  and 
rabbits  treated  repeatedly  with  tars 
from  cigarettes  and  soots  from  the 
atmosphere  and  the  finding  of  trace 
amounts  of  compounds  of  known  car¬ 
cinogenic  activity  in  these  crude  mix¬ 
tures  become  important  experimental 
observations  in  support  of  the  epidem¬ 
iological  inferences. 

The  high  incidence  of  bronchogenic 
carcinoma  seen  among  certain  chro¬ 
mate  refiners  also  has  not  been  success¬ 
fully  reproduced  in  experimental  ani¬ 
mals.  However,  cancers  of  other  sites 
have  been  induced  in  the  laboratory 
with  chromates,  and  it  is  possible  that 
in  time  the  kind  of  carcinomas  seen  in 


*  It  should  be  noted,  however,  that  the 
expected  life-time  incidence  among  male 
heavy  cigarette  smokers  is  estimated  to  be 
considerably  greater  than  2.5  per  cent.  (Cut¬ 
ler,  S.  J.,  and  D.  B.  Loveland.  The  risk  of 
developing  lung  cancer  and  its  relationship 
to  smoking.  J.  Natl.  Cancer  Inst.  15:  201-211, 
1954.) 


the  chromate  refiners  will  be  produced 
in  the  laboratory.  In  any  event,  the 
information  on  the  association  of  lung 
cancer  in  man  with  tars  or  chromates 
and  the  laboratory  studies,  though  not 
yielding  the  same  type  of  tumor,  would 
seem  sufficient  to  show  the  need  for 
preventive  measures. 

Subsequent  to  and  parallel  with 
many  of  these  observations  in  man,  a 
large  number  and  variety  of  sub¬ 
stances  that  induce  cancer  in  experi¬ 
mental  animals  have  been  discovered. 
Most  of  the  investigations  leading  to 
these  discoveries  were  undertaken 
without  reference  to  an  indicated  re¬ 
lationship  with  cancer  in  man.  Many 
substances  were  tested  because  of 
their  structure  or  special  toxicity ;  and 
the  carcinogenic  activity  of  a  number 
of  compounds,  e.g.,  urethan  and  2- 
acetyl-aminofluorene,  was  discovered 
incidentally.  Again,  as  in  the  case  of 
the  carcinogens  known  to  be  active 
in  man,  many  differences  in  carcino¬ 
genic  response  associated  with  such 
factors  as  species,  tissue,  and  dosage 
have  been  found  to  exist.  In  general, 
the  discoverers  of  these  carcinogens 
used  methods  which  revealed  only 
those  compounds  possessing  rather 
easily  detectable  degrees  of  carcino¬ 
genicity. 

The  general  susceptibility  of  man 
and  other  mammalian  species  to  chem¬ 
ical  carcinogenesis  and  the  wide  va¬ 
riety  of  known  chemical  carcinogens 
are  the  principal  reasons  for  concern 
over  the  carcinogenic  hazard  to  man 
that  might  accompany  use  of  food 
additives.  However,  the  problems  in¬ 
volved  in  estimating  this  hazard  aie 
very  different  from  those  previously 
encountered  in  studies  of  occupational 
or  environmental  carcinogenesis.  One 
important  difference  is  the  difficulty 
of  making  epidemiological  studies.  It 
is  virtually  impossible  to  distinguish 
those  in  the  general  population  who 
have  been  exposed  from  those  who 
have  not  been  exposed  to  additives, 
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and  thus  the  cancer  experience  of  the 
two  groups  cannot  be  compared. 

Food  additives,  as  their  use  is  now 
regulated  in  the  United  States,  must 
be  shown  to  be  safe  for  their  intended 
uses  (i.e.,  not  likely  to  produce  disease 
in  man  or  animals  when  used  as  in¬ 
tended).  Furthermore,  for  many  years 
it  has  been  usual  for  the  proponent  of 
a  new  additive  to  demonstrate  that  it 
it  relatively  nontoxic  and  safe.  The 
assurance  of  safety  is  provided,  in 
part,  by  stringent  toxicologic  investi¬ 
gations  which  include  long-term  ex¬ 
posure  of  experimental  animals  to  the 
proposed  additive.  It  seems  unlikely 
that  substances  with  pronounced  car¬ 
cinogenic  activity  will  be  undetected 
if  subjected  to  such  investigation.  The 
problem  of  minimizing  carcinogenic 
hazard  from  use  of  food  additives  thus 
is  largely  one  of  experimentally  detect¬ 
ing  low  levels  of  carcinogenic  activity. 

To  aid  in  the  solution  of  this  prob¬ 


lem,  the  Subcommittee  on  Carcino¬ 
genesis  has  examined  pertinent  litera¬ 
ture  in  an  effort  to  find  principles  at 
least  implied  that  might  serve  as 
reasonable  guides  in  devising  means  of 
detecting  weak  carcinogenic  activity 
and  in  estimating  carcinogenic  hazard 
for  man.  The  problem  has  received 
relatively  little  attention  in  the  past, 
and  much  of  the  literature  on  chemical 
carcinogenesis,  dealing  as  it  does 
largely  with  studies  of  the  potent  car¬ 
cinogens  in  experimental  animals,  may 
not  be  particularly  pertinent.  Certain 
generalizations  have  been  arrived  at, 
however,  and  they  are  set  forth  along 
with  summaries  of  information  upon 
which  they  are  based.  Some  general 
principles  are  proposed,  and  a  general 
procedure  for  examining  materials 
proposed  for  use  in  foods  with  a  view 
to  discovering  those  that  might  con¬ 
stitute  a  carcinogenic  hazard  to  man 
is  suggested. 
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General  Considerations  and  Principles 
Underlying  Evaluation  of  Carcinogenic  Activity  and  Hazard 


DEFINITIONS 

It  is  necessary,  in  order  to  minimize 
ambiguity  in  the  consideration  of  car¬ 
cinogenesis,  to  define  terms  that  will 
be  used.  Concepts  concerned  with  the 
problems  of  tumors  have  developed 
slowly  and  from  various  lines  of  ap¬ 
proach,  and  it  is  perhaps  unreasonable 
to  expect  unanimity  regarding  term¬ 
inology.  The  definitions  presented 
here  are  those  accepted  and  used  by 
most  students  in  the  field. 

Hyperplasia  is  an  increase  in  the 
number  of  cells  in  a  local  area.  Hyper¬ 
plasia  tends  to  regress,  and  in  any 
event  does  not  progress,  after  cessa¬ 
tion  of  the  stimulus. 

A  tumor  or  neoplasm  is  an  abnor¬ 
mal  mass  of  tissue  the  growth  of 
which  often  exceeds,  and  is  unco¬ 
ordinated  with,  that  of  the  normal 
tissues,  and  which  generally  persists 
in  the  same  excessive  manner  after 
cessation  of  the  stimuli  which  evoked 
it. 

Tumors  or  neoplasms  are  custom¬ 
arily  divided  into  two  categories, 
benign  and  malignant.  It  is  recognized, 
however,  that  progression  from  be- 
nignancy  to  malignancy  may  occur. 
A  benign  tumor  ordinarily  possesses 
such  characteristics  as:  (a)  structure 
typical  of  the  tissue  of  origin;  (b) 
slow  growth;  and  (c)  growth  that  is 
only  expansive  (non-invasive) ,  usually 
with  capsule  formation.  It  does  not 
metastasize.  Examples  of  benign 
tumors  are :  adenoma,  a  gland-like 
tumor;  papilloma,  a  wart-like  tumor; 
chondroma,  a  tumor  of  cartilage ;  and 


osteoma,  a  tumor  of  bone.  Of  these 
few  examples,  some  refer  to  structural 
characteristics  of  the  tumor  and  others 
to  its  tissue  of  origin. 

A  malignant  tumor  in  general  pos¬ 
sesses  some  or  all  of  the  following 
characteristics:  (a)  atypical  struc¬ 
ture;  (b)  rapid  growth,  often  with 
many  mitotic  figures;  (c)  infiltrative 
growth  into  contiguous  tissues;  (d) 
occurrence  of  metastases;  and  (e)  if 
untreated,  usual  progression  to  a  fatal 
ending. 

Malignant  tumors  are  usually  con¬ 
sidered  in  three  categories:  (1)  car¬ 
cinoma — arising  from  epithelial  cells 
rather  than  from  cells  of  the  support¬ 
ing  structures;  (2)  sarcoma — arising 
from  mesenchymal  tissues;  that  is, 
connective  tissues  and  supporting  tis¬ 
sues  in  general;  and  (3)  neoplasms  of 
lympathic  and  hematopoietic  tissues. 

The  general  term  cancer  refers  to 
all  kinds  of  malignant  tumors.  This 
term  is  not  applied  to  non-malignant 
tumors. 

The  term  metastasis  refers  to  the 
development  of  a  secondary  growth  of 
tumor  as  a  derivative  of,  and  at  a  site 
different  from  that  of,  the  primary 
tumor.  All  tumors  that  metastasize 
are  considered  malignant.  Some  ma¬ 
lignant  tumors  have  little  tendency  to 
metastasize,  but  nonetheless  are  ma¬ 
lignant  and  usually  lead  to  a  fatal 
ending. 

Tumorigen,  tumorigenic  substance, 
carcinogen  are  terms  used  to  designate 
a  chemical,  physical,  or  biological 
agent  which  has  been  shown  con¬ 
sistently  to  produce  tumors.  A  car- 
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cinogen  is  a  tumorigen  that  produces 
malignant  tumors.  It  should  be  noted 
that  a  carcinogen  may  also  elicit  hy¬ 
perplasia  and  benign  tumors.  In  some 
cases  lesions  with  only  some  charac¬ 
teristics  of  malignancy  are  produced. 
In  these  instances  there  may  be  con¬ 
siderable  differences  of  opinion  among 
pathologists  as  to  the  exact  nature  of 
the  lesions.  In  such  a  situation  knowl¬ 
edge  of  the  life  history  of  the  lesion 
and  transplantation  procedures  are 
often  helpful  in  arriving  at  a  decision 
as  to  malignancy. 

The  terms  cocarcinogen  and  pro¬ 
moting  agent  have  been  widely  used 
in  the  literature.  The  term  cocarcino¬ 
gen  was  first  used  to  describe  the  aug¬ 
mentation  of  skin  carcinogenesis  by  a 
non-carcinogenic  fraction  of  a  creosote 
oil  applied  concurrently  with  a  weak 
solution  of  benzpyrene  (1).  Since 
then  it  has  been  used  generally  to 
describe  the  augmentation  of  the  ac¬ 
tion  of  a  carcinogen  by  some  non- 
carcinogenic  factor  applied  simultane¬ 
ously.  In  analysis  of  the  cocarcino- 
genic  action  of  croton  oil,  it  was  found 
that  tumors  could  be  induced  by  initial 
application  of  sub-carcinogenic  doses 
of  a  carcinogen  and  subsequent  treat¬ 
ment  with  this  agent  (2a,  2b).  The 
induction  of  tumors  by  two  agents  in 
sequence  indicated  that  carcinogenesis 
could  be  divided  into  the  two  hypo¬ 
thetical  phases,  “initiation”  and  “pro¬ 
motion.”  The  initiation  stage  was 
thought  to  be  brought  about  by  the 
carcinogen  and  the  promoting  stage 
by  an  agent  (a  “promoting  agent”) 
not  necessarily  carcinogenic.  The 
studies  providing  the  basis  for  this 
hypothesis  have  almost  all  been  con¬ 
ducted  on  the  skin  of  the  mouse  and 
the  rabbit  (3)  ;  and  there  is  no 
evidence,  although  the  theoretical 
implications  are  of  great  interest,  that 
permits  the  generalization  that  car¬ 
cinogenesis  usually  progresses  in  this 
manner. 


PRINCIPLES 

STRONG  AND  WEAK 
CARCINOGENS 

Studies  on  the  carcinogenic  activity 
of  a  substance  for  man  are  especially 
difficult  because  experimental  studies 
cannot  readily  be  carried  out  on  human 
subjects.  Present  information  con¬ 
cerning  human  carcinogens  has  been 
obtained  from  epidemiological  studies 
on  occupational,  environmental,  and 
medical  exposure  of  man  to  various 
chemicals  and  radiations  (tars  and 
oils,  aromatic  amines,  inorganic  ar¬ 
senic  compounds,  chromates,  asbestos, 
ultraviolet  radiation,  X-rays,  radium, 
etc.),  with  confirmation  in  most  in¬ 
stances  by  laboratory  studies  (4a, 4b,, 
5,6). 

^  In  addition  to  the  agents  associated! 
with  cancer  incidence  in  man,  a  large 
number  and  wide  variety  of  substances 
have  been  shown  to  be  relatively 
potent  carcinogens  in  experimental, 
animals.  These  include  some  polycyclic 
aromatic  hydrocarbons  and  certain  of 
their  derivatives,  certain  aromatic 
amines  and  aminoazo  dyes,  carbon 
tetrachloride,  and  urethan  (7)  ;  sene- 
cio  alkaloids  (8)  ;  ethionine  (9) 
thiourea;  certain  selenium  compounds 
(10)  ;  dimethylnitrosamine  (11)  ;  and 
4-nitroquinoline  N-oxide  (12).  Many 
of  these  compounds  are  active  in  sev¬ 
eral  species  and  at  relatively  low  levels 
of  administration.  There  is  general 
agreement  as  to  the  carcinogenicity  of 
these  substances,  and,  although  the 
carcinogenicity  of  all  of  them  for  man 
has  not  been  demonstrated,  it  is  un¬ 
likely  that  anyone  would  defend  the 
addition  of  any  of  them  to  the  human 
diet. 

While  there  is  no  argument  about 
the  carcinogenicity  of  compounds  such 
as  those  listed  in  the  preceding  para¬ 
graph,  there  is  often  doubt  about  the 
activity  of  some  of  the  agents  reported 
to  be  weak  tumorigens  or  carcinogens. 
The  agents  so  classified  induce  rela- 
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Lively  low  incidences  of  tumors,  usually 
after  long  periods  of  time  and  after 
having  been  administered  in  relatively 
large  amounts.  To  establish  that  an 
agent  exerts  this  low  order  of  carcino¬ 
genicity,  special  consideration  must 
be  given  to  the  many  known  factors 
that  govern  the  induction  of  tumors. 
These  include  such  variables  as  the 
physical  state  of  the  substance;  the 
species,  strain,  and  sex  of  the  test 
animal;  the  diet  employed;  the  prop¬ 
erties  of  any  vehicles  used  for  ad¬ 
ministering  the  agent;  the  route  of 
administration ;  the  duration  of  the 
experiment;  the  possible  presence  of 
carcinogenic  contaminants ;  and  the 
adequacy  of  the  pathological  evalua¬ 
tion  of  the  lesions.  In  addition,  it  is 
necessary  to  show  that  the  data  on  the 
experimental  and  control  animals  are 
statistically  adequate  for  the  conclu¬ 
sions  drawn.  The  importance  of  these 
factors  becomes  clear  on  careful  ex¬ 
amination  of  the  data  offered  to  sup¬ 
port  the  claim  of  weak  carcinogenicity 
made  for  many  substances.* 

It  is  clear  that  a  weakly  carcino¬ 
genic  mixture  of  naturally  occurring 
or  synthetic  substances  may  contain 
small  amounts  of  strong  carcinogens, 
relatively  large  amounts  of  weak  car¬ 
cinogens,  or  a  group  of  substances 
individually  inactive  but  which  to¬ 
gether  exert  a  weak  carcinogenic 
effect.  Because  of  these  possibilities, 
it  seems  advisable  to  term  as  “weak 
carcinogens”  only  compounds  which 
satisfy  the  accepted  criteria  for  chem¬ 
ical  homogeneity.  Weakly  active  mix- 
tures  °f  substances  of  any  origin 
should  be  described  as  “weakly  car¬ 
cinogenic  mixtures.”  Furthermore,  if 
a  weak  carcinogenic  effect  is  produced 


* +The , Wlde  ran&e  in  amounts  of  differ 
materials  necessary  to  induce  tumors  is  ill 

S?xAy  data  in  TaWes  111  “""iv  ” 


only  when  large  amounts  of  material 
are  injected  or  implanted,  or  when 
grossly  hypertonic  solutions  are  used, 
the  possibility  exists  that  the  results 
are  initially  associated  with  physical 
conditions  established  in  the  tissue 
rather  than  with  the  chemical  nature 
of  the  material  in  question. 

A  number  of  weak  carcinogens  are 
described  in  the  literature  (i.e.,  defi¬ 
nite  though  weak  tumorigenic  or  car¬ 
cinogenic  activity  has  been  demon¬ 
strated  for  compounds  which  appear 
to  satisfy  the  criteria  of  chemical 
homogeneity).  The  substances  in  this 
class  include  cholesterol  (13),  phenol 
(14),  certain  sulfonamides  (7),  and 
various  aromatic  hydrocarbons  and 
amines  (7). 

Many  mixtures  of  natural  or  derived 
substances  have  been  reported  to  have 
weakly  carcinogenic  effects.  The  nat¬ 
urally  occurring  mixtures  include 
chillies  (15),  bentonite  clay  (16), 
tannic  acid  (17),  ergot  (18),  and  the 
non-saponifiable  matter  from  several 
tumors  and  normal  tissues  of  animal 
origin  (19,20).  Mixtures  of  synthetic 
or  processed  substances  reported  to  be 
weakly  carcinogenic  include  certain 
preparations  of  vegetable  oils  (21), 
some  plastic  films  (22a, 22b),  tobacco 
tars  (23)  and  other  tars  from  the 
pyrolysis  of  natural  and  synthetic 
materials  (24, 25a, 25b),  and  certain 
dyes  (7). 


r  many,  there  are  substances  that 
have  been  reported  to  be  carcinogens 
foi  animals  but  for  which  evidence  of 
activity  is  inadequate  because  of  one 
or  more  deficiencies:  (a)  the  data  are 
not  statistically  significant;  (b)  the 
experiments  were  inadequately  con¬ 
trolled;  or  (c)  the  nature  of  the 
lesions  obtained  was  not  established. 
A  number  of  substances  at  present  in 
this  category  are  listed  in  Appendix  B. 
buch  common  materials  as  hydro¬ 
s'1'10  acid  oleic  acid,  and  acetylcho¬ 
line  are  included. 
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CONSIDERATION  OF 
GENERAL  PRINCIPLES 

Since  experimental  evaluation  of 
carcinogenicity  cannot  ordinarily  be 
made  with  human  subjects,  it  is  of 
importance  to  know  to  what  degree 
results  obtained  in  animal  studies 
might  reliably  be  used  to  estimate  car¬ 
cinogenic  hazards  for  man.  In  esti¬ 
mating  the  usual  toxicity  hazards  for 
human  beings,  we  depend  on  informa¬ 
tion  obtained  in  animal  studies.  Thus, 
although  there  are  numerous  varia¬ 
tions  in  both  acute  and  chronic  tox¬ 
icity  from  species  to  species,  careful 
evaluation  of  toxicity  for  animals  is 
used  as  a  practical  basis  for  estima¬ 
tion  of  hazard  for  man.  ( Toxicity  is 
the  capacity  of  a  substance  to  produce 
injury.  In  the  sense  used  here,  hazard 
is  the  probability  that  injury  will 
result  from  the  use  of  a  substance  in 
a  proposed  quantity  and  manner.) 

Available  information  on  the  com¬ 
parative  carcinogenicity  of  material 
when  administered  to  different  species 
of  animal,  and  when  administered  by 
various  routes  either  in  the  same  or 
different  species,  has  been  examined. 
It  was  hoped  that  the  data  marshalled 
in  this  manner  would  permit  infer¬ 
ences  as  to  1)  whether  results  of  a 
test  for  carcinogenicity  in  one  species 
would  predict  the  carcinogenicity  of 
the  material  for  another  species,  and 
2)  whether  results  by  one  route  of 
administration  would  predict  the  car¬ 
cinogenicity  of  the  material  if  given 
by  another  route.  Available  informa¬ 
tion  has  also  been  examined  for  evi¬ 
dence  on  whether  there  is  a  graded 
dosage  response  to  carcinogens  in  gen¬ 
eral,  and,  if  so,  whether  the  relation¬ 
ship  forms  a  good  basis  for  establish¬ 
ing  a  “safe”  level  of  usage  by  man 
from  a  “no-effect”  level  in  test 
animals. 

Comparative  Carcinogenicity  (by 
species  and  by  route  of  aaministra- 
tion).  A  complete  analysis  of  species 


variation  in  carcinogenesis  is  ham¬ 
pered  by  a  lack  of  relevant  data.  Up 
to  1953,  some  516  compounds  reported 
to  induce  benign  or  malignant  tumors 
in  animals  had  been  listed  (7).  Of  this 
number,  at  least  40  compounds  can  be 
said,  for  one  reason  or  another,  to  fall 
into  a  category  of  “not  proved.”  These 
compounds  have,  in  many  instances, 
been  tested  only  once,  inadequate  con¬ 
trols  may  have  been  provided,  patho¬ 
logical  study  may  be  lacking,  and  so 
forth.  Examples  taken  from  Hart¬ 
well’s  Monograph  and  its  Supplement 
(7)  are  given  in  Appendix  B. 

Of  the  more  than  450  compounds 
(7)  for  which  acceptable  evidence  of 
tumorigenic  activity  has  been  pre¬ 
sented,  almost  half  (more  than  200) 
are  polycyclic  aromatic  hydrocarbons 
or  their  derivatives  or  analogs.  More 
than  50  are  azo  dyes  and  a  substantial 
number  are  aromatic  amines  or  car¬ 
bamates.  Thus,  a  very  large  propor¬ 
tion  of  demonstrated  tumorigens  be¬ 
long  to  a  very  small  number  of  chemi¬ 
cal  types.  Outside  these  groups,  a  wide 
diversity  of  substances  have  been 
shown  to  have  carcinogenic  activity, 
e.g.,  carbon  tetrachloride,  the  mus¬ 
tards,  certain  epoxides  and  ethylene 
imines,  some  dyes  such  as  trypan  blue, 
and  others.  These  substances  belong 
to  a  variety  of  chemical  groups  none 
of  which  includes  more  than  a  few 
established  tumorigens. 

In  the  larger  groups,  the  process  of 
investigation  of  carcinogenicity  began 
with  the  discovery  of  a  compound  es¬ 
pecially  active  in  a  particular  species 
by  a  certain  route  of  administration. 
Subsequent  research  has  involved  the 
synthesis  of  a  number  of  derivatives 
of  this  compound  and  the  evaluation  of 
their  carcinogenicity,  generally  in  the 
same  biological  system  as  originally 
used  in  study  of  the  parent  compound. 
Tests  using  different  routes  of  admin¬ 
istration  in  more  than  one  species  have 
in  general  been  carried  out  with  only 
the  parent  compounds  of  the  groups, 
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and  a  relatively  small  number  of  tests 
of  this  kind  have  been  made.  Thus 
the  majority  of  compounds  have  been 
tested  under  only  very  limited  biologi¬ 
cal  conditions.  The  limitations  of  the 
information  available  can  best  be  illus¬ 
trated  by  considering  a  number  of 
experiments  on  record. 
v  The  most  investigated  group  of  car¬ 
cinogens  are  the  polycyclic  hydrocar¬ 
bons;  of  these,  the  most  thoroughly 
studied  are  the  potent  compounds 
3,4-benzpyrene  (BP),  1,2,5,6-dibenz¬ 
anthracene  (DBA),  20-methylchol- 
anthrene  (MC)  and  9,10-dimethyl-l, 
2-benzanthracene  (DMBA).  These 
compounds  have  been  tested  in  many 
experiments  using  a  number  of 
species;  however,  the  mouse  and  rat 
have  been  used  in  the  majority  of  the 
tests.  Thus,  in  the  283  investigations 
of  DBA  that  had  been  reported  in  the 
literature  up  to  1953,  the  mouse  was 
used  in  177,  the  rat  in  57,  the  rabbit  in 
19,  the  fowl  in  18,  the  guinea  pig  in  4, 
the  monkey  in  2,  and  various  other 
species  in  the  remaining  few  cases. 
DMBA  was  used  in  some  90  studies 
reported  up  to  1953 ;  in  65  of  these  the 
mouse  was  used,  in  10  the  rabbit,  in 
6  the  rat,  in  3  the  guinea  pig,  in  2  the 
hamster,  and  in  1  each  the  monkey, 
fowl,  and  axolotl.  The  comparative 
use  of  species  in  studies  with  BP  and 
with  MC  has  been  similar. 

The  other  polycyclic  hydrocarbons 
have  been  examined  under  more  lim¬ 
ited  biological  conditions.  Thus,  of 
161  polycyclic  hydrocarbons  synthe¬ 
sized  and  reported  active  as  carcino¬ 
gens,  148  have  been  tested  only  in  the 
mouse  and  13  only  in  the  mouse  and 
the  rat. 


In  the  case  of  the  four  potent  cai 
cinogens,  BP,  DBA,  MC,  and  DMB^A 
most  species  investigated  have  prove 
responsive ;  there  are,  however,  certai: 
marked  exceptions.  Thus,  only  MC  ha 
been  reported  to  induce  tumor  in  th 
monkey  (a  single  tumor  in  one  of  2 
animals  exposed  for  many  years)  ;  th 


other  three  compounds  have  been  re¬ 
ported  inactive  after  extensive  experi¬ 
mentation  with  this  species.  BP  has 
been  found  negative  in  tests  on  the 
guinea  pig  and  fowl ;  negative  findings 
have  been  reported  with  DBA  in  the 
dog,  ferret,  and  certain  other  species. 
However,  in  none  of  these  instances, 
with  the  possible  exception  of  the 
monkey,  can  the  tests  be  considered 
adequate  to  establish  a  conclusive 
negative. 

As  with  the  selective  use  of  favored 
species  in  these  studies,  certain  routes 
of  administration  have  been  preferred. 
The  majority  of  studies  with  polycyclic 
aromatic  hydrocarbon  carcinogens 
have  made  use  of  topical  application 
to  the  skin  or  of  subcutaneous  injec¬ 
tion.  In  the  instance  of  the  less  thor¬ 
oughly  tested  derivatives,  these  two 
routes  of  application  have  been  used 
almost  exclusively.  Regarding  the  161 
derivatives  mentioned  as  tested  only  in 
the  rat  and  the  mouse,  61  studies  in¬ 
volved  only  the  subcutaneous  route,  27 
topical  application,  44  topical  applica¬ 
tion  and  subcutaneous  injection.  The 
remaining  29  used  other  injection  sites 
and  feeding.  The  more  potent  com¬ 
pounds,  BP,  MC,  DBA,  and  DMBA, 
have  been  most  extensively  tested  by 
topical  application  and  subcutaneous 
injection,  but  in  addition  have  been 
widely  studied  by  other  routes  of  ad¬ 
ministration  including  various  injec¬ 
tion  routes,  direct  implantation  into 


O  *  (  VT C 11“ 

erally,  these  compounds  have  been 
found  to  induce  a  neoplastic  response 
by  a  variety  of  routes  of  administra¬ 
tion,  but  certain  marked  differences 
have  been  observed.  Thus,  it  is  clear 
that  the  mouse  is  generally  more  sus¬ 
ceptible  to  skin  carcinogenesis  than 
the  rat  and  that  the  rat  is  more  sus¬ 
ceptible  to  subcutaneous  carcinogene- 

l mo1use-  This  comparison 
is  difficult  to  make  on  an  absolute  basis 

r  have  been  great  quantita¬ 
tive  differences  present  in  most 
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studies;  the  majority  of  skin  applica¬ 
tion  studies  have  involved  the  use  of 
repeated  applications  over  periods  of 
many  weeks,  and  the  usual  subcutane¬ 
ous  study  has  involved  a  single  injec¬ 
tion.  Nevertheless,  there  are  on  record 
many  experiments  in  which  one  of 
these  potent  carcinogens  has  been 
applied  to  the  skin  of  the  rat  re¬ 
peatedly  in  relatively  large  dosage 
with  negative  results;  and,  in  those 
yielding  positive  results  (26),  the  re¬ 
sponse  in  terms  of  numbers  of  skin 
tumors  and  latent  period  has  been 
minimal  compared  with  the  response 
in  the  mouse.  The  rabbit,  conversely, 
is  particularly  responsive  to  skin  car¬ 
cinogenesis  but  appears  almost  com¬ 
pletely  refractory  to  subcutaneous 
injection.  The  only  result  that  might 
be  interpreted  as  implying  a  quantita¬ 
tive  rather  than  qualitative  species 
variance  is  a  report  by  Klinke  (27) 
that  repeated  intramuscular  injections 
of  BP  give  rise  to  sarcomas  in  rabbits. 

The  induction  of  special  histological 
types  of  tumor  determined  by  the 
species  used  is  also  worthy  of  mention. 
Subcutaneous  injection  of  these  potent 
carcinogens  in  the  guinea  pig,  for  ex¬ 
ample,  gives  a  preponderance  of  lipo- 
sarcomas  (malignant  tumors  of  fat 
cells)  (28,29).  These  tumors  are  rare 
in  other  species.  In  the  hamster,  BP, 
MC,  and  DMBA  all  induce  the  common 
sequence  of  squamous  cell  papilloma 
and  carcinoma  if  applied  to  the  skin 
repeatedly.  DMBA,  however,  if  ap¬ 
plied  only  once  to  the  skin,  gives  rise 
to  multiple  melanotic  tumors  (30). 
The  closely  related  5,9,10-trimethyl-l, 
2-benzanthracene  is  the  only  carcino¬ 
gen  reported  to  induce  pigmented 
tumors  in  another  species  (31). 

Many  studies  have  been  made  in 
which  these  compounds,  BP,  MC, 
DBA,  and  DMBA,  were  given  orally. 
In  the  majority  of  those  using  the 
mouse  and  the  rat,  squamous  cell 
tumors  (papillomas  and  carcinomas) 
of  the  forestomach  have  been  induced. 


No  tumors  analogous  to  the  glandular 
carcinomas  of  the  stomach  seen  in  man 
have  been  induced  in  feeding  studies 
using  rodents;  such  tumors  can,  how¬ 
ever,  be  induced  by  direct  injection  of 
these  agents  into  the  mucosa  of  the 
stomach.  Differences  in  absorption 
may  account  for  these  differences  in 
response.  The  fact  that  the  rodents 
commonly  used  do  not  develop  such 
tumors  when  untreated  might  indicate 
the  unsuitability  of  these  animals  for 
comparative  studies  with  man.  In  this 
regard,  a  recently  introduced  rodent, 
Mastomys  natalensis,  which  has  a  high 
incidence  of  spontaneous  adenocarcino¬ 
ma  of  the  stomach,  may  hold  promise 
for  future  studies  (32).  Tumors  at 
sites  other  than  the  forestomach  are 
induced  when  these  agents  are  fed ;  the 
most  striking,  perhaps,  are  the  mam¬ 
mary  carcinomas  induced  in  large 
numbers  in  the  rat  by  large  doses  of 
MC  (33). 

It  is  evident  that,  even  though  dif¬ 
ferent  species  are  found  to  respond 
positively  to  the  action  of  a  carcino¬ 
gen,  there  may  be  very  great  quantita¬ 
tive  differences  between  them.  For 
example,  it  has  been  found  that  ad¬ 
ministration  of  16  micrograms  of  DBA 
will  induce  50  per  cent  incidence  of: 
sarcoma  in  the  C3H  male  mouse  (34)  ; 
whereas,  8-25  mg  gave  rise  to  only  2. 
sarcomas  in  25  guinea  pigs  (29). 
Many  similar  examples  of  gross  dif¬ 
ferences  in  dosage  requirements  might: 
be  cited. 

For  illustration  of  comparative 
carcinogenesis  with  the  carcinogenic 
azo  dyes,  work  on  two  of  the  com¬ 
pounds  first  tested,  o-aminoazotoluene 
and  p-dimethylaminoazobenzene  has 
been  selected.  o-Aminoazotoluene  has 
been  extensively  tested  in  the  rat  and 
the  mouse,  less  extensively  in  the  rabbit 
and  guinea  pig,  and  apparently  only 
once  in  the  dog  and  the  fowl.  In  most 
of  these  studies  the  dye  has  been  fedJ 
but,  in  addition,  it  has  been  admin¬ 
istered  subcutaneously,  intramuscu-j 
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larly,  intravenously,  and  by  topical 
application  to  the  skin.  Three  tumor 
locations,  the  liver,  the  bladder,  and  a 
subcutaneous  site,  have  been  observed. 
In  rats,  hepatomas  have  been  induced 
following  oral  and  subcutaneous  ad¬ 
ministration,  and  there  is  one  report 
of  bladder  papillomas  and  epitheliomas 
following  feeding.  In  mice,  hepatomas 
have  been  induced  in  most  studies, 
following  skin,  subcutaneous,  or  oral 
administration.  In  one  series,  the  in¬ 
duction  of  hemangioendotheliomas  in 
various  locations  following  subcutane¬ 
ous  administration  was  observed.  In 
single  studies  in  the  dog  and  fowl, 
hepatomas  have  been  induced.  In  the 
rabbit,  the  report  of  possible  bladder 
papillomas  represents  the  only  positive 
among  numerous  negative  results,  and 
the  guinea  pig  has  been  totally  refrac¬ 
tory. 

p-Dimethylaminoazobenzene  (butter 
yellow)  has  been  investigated  in  over 
200  studies  (7).  In  the  majority  of 
tests,  the  rat  was  used  and  the  dye 
was  fed.  A  number  of  other  species 
have  been  used  in  a  small  number  of 
tests.  In  comparative  numbers,  the 
rat  has  been  used  in  186  experiments, 
the  mouse  in  19,  the  rabbit  in  9,  the 
fowl  in  3,  the  guinea  pig  in  2,  the 
squirrel,  pigeon,  hamster,  and  dog  in 
one  each.  Routes  of  administration 
include  oral,  subcutaneous,  percutane¬ 
ous,  intraperitoneal,  intrasplenic,  blad¬ 
der  implantation,  and  others,  although 
the  oral  route  was  used  in  the  majority 
of  studies.  In  most  investigations  with 
the  rat  and  mouse,  hepatomas  or  chol- 
angiomas  have  been  induced.  Sar¬ 
comas  at  the  site  of  injection  have 
been  reported  in  the  rat  and  in  the 
mouse  and  a  urinary  bladder  papil¬ 
loma  has  been  noted  in  the  rabbit 
following  direct  implantation.  Heman- 
giomas  m  the  liver,  following  feeding, 
and  lymphosarcoma  in  the  spleen,  fol- 

have  been  se®n  in 

reWt'  TfG  Tubblt  appears  generally 
refractory  to  this  carcinogen  as  do  the 


fowl,  guinea  pig,  and  hamster.  Posi¬ 
tive  findings  in  the  hamster  have  been 
obtained,  however,  after  prolonged 
feeding  (35). 

As  with  the  polycyclic  hydrocarbons, 
a  large  number  of  azo  dyes  have  been 
synthesized  and  potency  comparisons 
made.  The  main  biological  test  chosen 
for  these  carcinogens  has  been  the 
rat  feeding  study.  Again,  although 
many  known  carcinogenic  azo  dyes 
are  listed  (7),  few  data  are  provided 
for  an  analysis  of  species  variation  or 
of  the  comparative  effects  of  different 
routes  of  administration. 

2-Acetylaminofluorene  has  been  in¬ 
vestigated  primarily  in  the  rat  by  the 
oral  route.  In  the  more  than  85  experi¬ 
ments  recorded  up  to  1953  (7)  over 
70  used  the  rat,  8  the  mouse,  3  the  dog, 
2  the  cat,  1  the  rabbit,  2  the  sala¬ 
mander,  and  1  the  fowl.  The  majority 
of  studies  used  the  oral  route ;  and  the 
induction  of  a  variety  of  epithelial 
tumors,  notably  hepatomas,  mammary 
carcinomas,  bladder  carcinomas,  and 
ear  duct  tumors  is  recorded  for  rats, 
mice,  dogs,  rabbits,  and  cats.  The  in¬ 
duction  of  a  single  tumor  in  the  fowl 
has  been  reported.  Although  sub¬ 
cutaneous  application  and  skin  paint¬ 
ing  have  elicited  tumors  in  rats  and 
mice,  these  methods  of  application  are 
less  effective  than  feeding.  The  occur- 


anaplastic  pulmonary  tumors 
in  the  cat  is  reported  (36,37),  a  lesion 
not  notable  in  the  other  species  tested. 
From  reports  published  since  1953,  it 
appears  that  the  guinea  pig  is  com¬ 
pletely  refractory  to  the  action  of  this 
carcinogen  and  to  2-aminofluorene  ad¬ 
ministered  by  mouth  (38,39). 

Studies  on  urethan  have  generally 
been  done  with  mice,  frequently  with 
strains  having  a  high  incidence  of 
spontaneous  pulmonary  tumors.  The 
oral  and  intraperitoneal  routes  have 
been  used  most  commonly.  Thus  of 
some  50  papers  on  this  compound  pub- 

“eV'p.t°  1953  <7>'  40  were  con¬ 
cerned  with  mice,  5  with  rats,  2  with 
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rabbits,  1  with  guinea  pigs,  and  1  with 
the  fowl.  The  rat  and  the  mouse  have 
been  found  to  develop  multiple  pul¬ 
monary  adenomas  when  urethan  is 
administered  orally,  intraperitoneally, 
subcutaneously,  by  topical  application 
to  the  skin,  and  by  other  routes.  The 
guinea  pig,  in  one  long  term  test, 
proved  refractory;  the  rabbit  has  not 
been  adequately  investigated;  and  the 
fowl  has  yielded  no  tumors  apparently 
attributable  to  the  treatment.  It  has 
been  shown  that  skin  carcinogenesis 
in  the  mouse  can  be  “initiated”  by 
this  substance  (40).  Urethan  is  a 
versatile  carcinogen  inducing  not  only 
pulmonary  adenomas  but,  in  addition, 
hemangioendotheliomas,  lacrimal  gland 
tumors,  and  mammary  carcinomas  in 
mice  treated  for  long  periods  of  time 
with  high  dosages  (41). 

/3-Naphthylamine  had  been  studied 
in  some  30  investigations  prior  to 
1953  (7)  ;  in  3  of  these  mice  were  used, 
in  6  rats,  in  11  rabbits,  in  1  hamsters, 
in  8  dogs,  and  in  1  guinea  pigs.  Blad¬ 
der  carcinomas  have  been  induced  in 
the  dog  following  feeding;  in  the  rat 
and  rabbit  only  urinary  bladder  papil¬ 
lomas  occurred  under  these  conditions ; 
and  in  the  mouse  hepatomas  and 
cholangiomas  have  been  reported.  The 
hamster  and  guinea  pig  on  the  basis 
of  single  studies  have  been  reported 
to  be  refractory. 

From  the  foregoing  discussion  it  is 
apparent  that  relatively  little  emphasis 
has  been  placed  upon  systematic  in¬ 
vestigation  of  species  variation  in  car¬ 
cinogenesis.  Great  variation  among 
species  has  been  observed,  however. 
Most  of  the  differences  among  species 
are  quantitative,  although  interesting 
qualitative  differences  in  the  type  of 
neoplasms  induced  do  occur.  Instances 
in  which  a  substance  shown  to  be  car¬ 
cinogenic  in  one  species  is  inactive  in 
other  species  are  on  record;  notable 
examples  are  the  refractoriness  of  the 
guinea  pig  to  2-acetylaminofluorene, 
azo  dyes,  and  /8-naphthylamine,  and 


the  lack  of  tumorigenic  action  of  car¬ 
bon  tetrachloride  in  any  species  stud¬ 
ied  other  than  the  mouse.  It  is  possible 
that  metabolic  studies  will  explain  the 
differences  now  seen. 

Insofar  as  activity  by  different 
routes  of  administration  is  concerned, 
an  even  more  complex  and  incom¬ 
pletely  documented  situation  exists. 
As  pointed  out,  the  various  groups  of 
carcinogens  have  been  tested  largely 
by  single  routes  of  administration.  The 
polycyclic  hydrocarbons  have  been 
studied  mostly  on  skin  and  subcutane¬ 
ous  tissues,  the  azo  dyes  by  ingestion, 
urethan  by  parenteral  administration. 
The  substances  are  most  active  when 
administered  by  the  indicated  routes, 
and  this  has  largely  determined  the 
choice  of  route.  The  more  completely 
studied  carcinogens  (polycyclic  hydro¬ 
carbons,  azo  dyes,  aromatic  amines), 
however,  generally  induce  some  tumors 
when  administered  by  any  of  a  variety 
of  routes.  There  are  important  dif¬ 
ferences  in  relative  carcinogenic  ac¬ 
tivity  associated  with  routes  of  ad¬ 
ministration,  but  there  is  far  too  little 
information  on  the  mechanisms  re¬ 
sponsible  to  permit  precise  generaliza¬ 
tions. 

Dose-Response.  It  is  current  prac¬ 
tice  to  base  estimates  of  toxicity  of 
compounds  for  ingestion  by  man  on 
data  provided  by  animal  experimenta¬ 
tion.  These  estimates  are  not  usually 
derived  from  any  single  type  of  test, 
but  represent  an  over-all  evaluation. 
This  takes  into  account  the  nature  of 
the  toxic  effects,  the  slopes  of  the 
dose-response  curves,  the  accumulation 
and  storage  of  the  compound,  the  re¬ 
versibility  or  non-reversibility  of  the 
effects,  the  divergent  or  similar  nature 
of  the  effects  in  several  species,  the 
amounts  (mg/kg  or  as  a  proportion  of 
the  diet)  needed  to  produce  minimal 
effects  in  different  species  when  ad¬ 
ministered  by  different  routes,  and  the 
ratio  of  these  amounts  to  that  which 
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in  ordinary  usage  or  exposure  could 
possibly  be  ingested  by  man  (42). 

In  practice  the  terms  used  in  this 
ratio  are  1)  the  highest  chronic  feed¬ 
ing  level  that  has  no  significant  ad¬ 
verse  effect  in  any  group  of  the  species 
tested,  i.e.,  the  “no  effect  level”  and 
2)  the  maximum  level  of  the  substance 
reasonably  obtainable  in  the  human 
diet  under  the  proposed  conditions  of 
use.  A  ratio  of  these  two  levels  of 
100  or  more  to  1  has  been  considered 
an  adequate  “margin  of  safety”  for 
translation  to  use  by  man  although 
narrower  margins  are  adequate  in 
some  cases  and  wider  ones  may  be 
required  in  others.  The  arbitrary 
selection  of  this  “margin  of  safety” 
allows  for  such  factors  as  the  assumed 
greater  sensitivity  of  man  to  toxicants 
in  general,  variation  in  individual 
human  response,  the  presence  of  dis¬ 
ease,  and  the  extremes  of  age  (43a, 
43b). 

This  arbitrary  safety  margin  ap¬ 
pears  to  be  a  satisfactory  safeguard, 
but  it  should  not  be  assumed  that  it 
guarantees  all  individuals  absolute 
safety. 

In  connection  with  carcinogens,  the 
question  arises  as  to  whether  there  is 
a  similar  basis  for  selecting  a  margin 
of  safety  which  will  afford  the  public 
adequate  protection. 

Few  studies  on  the  nature  of  the 
dose-response  curve  for  carcinogens 
have  been  made.  Pertinent  studies 
have,  however,  indicated  that  the  gen¬ 
eral  dose-response  relationship  ap¬ 
plies;  i.e.,  the  higher  the  dose  admin¬ 
istered,  the  greater  the  final  incidence 
of  response  and  the  shorter  the  time 
required  to  elicit  the  response.  This 
relationship  has  been  reported  for 
polycychc  hydrocarbons  such  as  DBA 
and  MC.  (34),  BP  (34,44)  DMBA 

MC  D(46)A  ?1US  Cr?°n  00  (45)’  and 
u  ’  5°r  P'^methylaminoazo- 

benzene  (47) ;  and  for  carbon  tetra¬ 
chloride  (48).  Other  chemical  carcino¬ 


gens  of  comparable  importance  have 
not  been  studied  from  this  point  of 
view,  although  dose-response  curves 
have  been  recorded  for  the  physical 
carcinogens,  ultraviolet  light  (49)  and 
ionizing  radiations  (50,51). 

With  respect  to  “no  cancer  effect” 
levels,  it  commonly  happens  that  chem¬ 
ical  carcinogens  do  not  produce  cancer 
in  all  the  exposed  animals.  These  data 
clearly  indicate  that  the  dose  applied 
was  inadequate  (or  below  the  thres¬ 
hold  required)  to  produce  cancer  in 
certain  individuals.  Similarly,  in  man, 
all  individuals  exposed  to  /3-naphthyl- 
amine,  certain  tars  and  oils,  and  other 
reasonably  well  established  human  car¬ 
cinogens  do  not  develop  cancer.  In  the 
case  of  bronchogenic  carcinoma,  which 
has  been  found  to  be  associated  with 
cigarette  smoking  (52),  only  a  small 
percentage  of  smokers  develop  this 
disease.  It  is  generally  accepted  that 
the  development  of  cancer  in  man  ex¬ 
posed  to  known  environmental  carcino¬ 
gens  is  related  to  the  intensity  and 
duration  of  exposure  (4b). 

The  data  in  the  literature  concern¬ 
ing  dosages  of  carcinogens  which  do 
not  produce  tumors  in  the  small  popu¬ 
lations  of  animals  tested  are  meager 
since  most  investigators  have  used 
relatively  large  doses  in  order  to  study 
the  carcinogenic  process.  No  experi¬ 
ments  completely  adequate  to  establish 
a  no  cancer  level”  of  known  carcino¬ 
gens  have  been  reported;  however,  a 
few  studies  designed  for  other  purposes 
have  yielded  pertinent  information, 
borne  of  the  information  is  shown 
graphically  in  Figures  1-5.  Druckrey 
(47)  studied  the  response  to  p-di- 
methylaminoazobenzene  administered 
orally  to  rats  and  found  that  with  the 
two  lowest  doses  administered  no 
tumors  were  produced.  Levels  of  0  I 
and  0.3  mg/day  fed  to  150  and  148  rats 
i  espectively  did  not  induce  any  tumors 
vhereas  tumors  did  occur  in  animals 
receiving  1  mg  or  more  per  day.  (?„! 
cidence  of  tumors  was  not  recorded.) 
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Lifetime  intakes  of  0.1,  0.3,  and  1  mg/ 
day  represent  total  lifetime  intakes  of 
approximately  70,  210,  and  700  mg 
respectively.  It  is  interesting  to  note 
that,  expressed  in  terms  of  molecules, 
an  intake  of  2  X  1021  molecules  of 
carcinogen  produced  tumors,  whereas 
intakes  of  5  X  1020  and  1.7  X  1020  did 
not.  Assuming  that  liver  of  the  adult 
rat  contains  on  the  order  of  109  hepatic 
cells,  then  a  dosage  level  of  approxi¬ 
mately  1012  molecules  per  cell  resulted 
in  induction  of  cancer,  whereas  one 
of  1011  did  not.  Even  assuming  that 
only  1  per  cent  of  the  compound  in¬ 
gested  reached  the  liver  unchanged, 
the  requirement  for  induction  of  can¬ 
cer  in  these  studies  was  still  1010  mole¬ 
cules  per  cell. 

Similar  results  are  available  from 
studies  of  induction  of  sarcomas  by 
polycyclic  hydrocarbons  injected  sub¬ 


cutaneously.  For  example,  sarcomas 
were  not  induced  by  BP  in  doses  of  30 
micrograms  and  less,  but  were  induced 
by  large  doses  (34).  Thus  the  injec¬ 
tion  of  approximately  6  X  1016  mole¬ 
cules  did  not  produce  sarcomas,  where¬ 
as  the  injection  of  1.2  x  1017  molecules 
did.  Other  hydrocarbons  such  as 
methylcholanthrene  have  given  similar 
results.  The  frequently  cited  report 
(53)  that  the  subcutaneous  injection 
of  amounts  as  small  as  0.4  microgram 
of  DBA  produced  a  sarcoma  (the 
author  of  this  report  (53)  did  not 
himself  so  interpret  his  results)  is 
subject  to  question,  since  the  carcino¬ 
gen  was  implanted  in  a  cholesterol 
pellet  and  since  even  highly  purified 
cholesterol  has  been  found  to  produce 
sarcomas  in  mice  (13).  Results  of 
application  of  low  doses  of  polycyclic 
hydrocarbons  to  mouse  skin  have  also 


PRODUCTION  OF  LIVER  TUMORS  IN  RATS 
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PRODUCTION  OF  SKIN  TUMORS  IN  MICE 

PAINTED  WITH  DIFFERENT  CONCENTRATIONS  OF 
3,  4  -  BENZPYRENE  IN  ACETONE  (I) 


PER  CENT  3,4  -  BENZPYRENE  IN  ACETONE 

(l)Wynder,  E  L.,  Lois  Fritz  ond  Natalie  Furth 
J.  Natl  Cancer  Inst.,  19:  361-370,1957 

Fig.  2.  Response  of  mouse  skin  to  graded  doses  of  3,4-benzpyrene  dissolved  and  applied  in 
ac  eone.  Final  papilloma  and  carcinoma  incidences  (life  time  experiment)  represent  pooled 
data  from  groups  of  20  Swiss,  20  CAF,  and  20  C5,B1  mice  per  point. 


suggested  that  a  “no  cancer  level’ 
exists  (44,45). 

Despite  this  evidence,  the  possibility 
exists  that  doses  at  “no  effect”  level 
do  in  fact  exert  carcinogenic  effect 
but  that  the  effects  are  too  weak  t< 
detect  with  the  numbers  of  animal 
feasible  for  routine  testing.  Such  i 
possible  effect,  though  extremely  weak 
might  become  evident  in  a  large  popu 
lation  such  as,  for  example,  the  popu 
lation  potentially  exposed  to  foo< 
additives  in  our  culture.  There  is  als< 
the  possibility  of  synergistic  effect; 
among  substances  present  in  the  die 
and  of  an  individual  susceptibility  t< 

okm??Fens’  although  little  is  knowi 
about  these  factors. 

The  foregoing  discussion  support; 
the  view  that  there  is  a  level  of  ex 
posure  to  a  carcinogen  below  whicl 
cancer  will  not  be  induced  in  the  ex 
posed  animal.  The  practical  establish 


ment  of  this  threshold  level  is,  how¬ 
ever,  complicated  by  a  number  of 
factors  affecting,  or  related  to,  the 
carcinogenic  process.  Some  of  these 
are :  the  promoting  and  cocarcinogenic 
actions  of  non-carcinogens;  the  long 
induction  periods  of  some  carcinogens ; 
and  the  persistence  of  subcarcinogenic 
effects,  either  the  persistence  of  the 
carcinogen  in  the  tissue  or  the  per¬ 
sistence  of  an  induced  biological 
change.  The  latter  is  related  to  con¬ 
cepts  of  “precancerous  state”  or  “la¬ 
tent  tumor”  and  irreversibility  of  the 
early  cellular  changes  leading  to  can¬ 
cer. 


•iii  nmentai  findings  indicate  the 
possible  importance  of  these  factors 
For  example  in  Graffi’s  experiments 
tip  1  yPllca,tlon  of  25  micrograms  of 

JiAdkd  n0t  ?uce  tumors  in  mouse 
skin  whereas  50  micrograms  did.  Ap¬ 
plication  of  10  micrograms  followed 
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by  treatment  with  croton  oil,  however, 
induced  cancer.  Numerous  other  in¬ 
vestigators  have  made  this  obser¬ 
vation  (2,54,55,56,57),  and  the  lowest 
dose  of  carcinogen  thus  far  used  in 
these  studies  (0.1  microgram)  exhib¬ 
ited  an  initiating  action  on  mouse  skin. 
This  phenomenon  has  also  been  ob¬ 
served  in  rabbit  skin,  but  not  in  the 
skin  of  the  rat,  hamster,  or  guinea  pig. 
Whether  or  not  it  occurs  in  man  is 
not  known.  Whether  the  action  of  car¬ 
cinogens  on  other  organs  can  be 
similarly  promoted  by  suitable  agents 
is  also  unknown,  although  the  response 
to  some  carcinogens  has  been  found 
to  be  dependent  on  such  factors  as  diet 
(composition  or  amount)  and  sex. 

A  subcarcinogenic  dose  of  a  carcino¬ 
gen  can  manifest  an  effect  long  after 
the  agent  has  been  administered.  It 


would  be  of  interest  to  know  whether 
the  manifestation  results  from  an 
effect  produced  soon  after  application 
and  which  persists  perhaps  as  some 
cell  change  or  whether  it  results  from 
persistence  of  the  agent  in  the  tissue. 
This  question  cannot  be  said  to  have 
been  answered  although  there  is  evi¬ 
dence  bearing  on  it.  Experiments  in 
skin  carcinogenesis  have  shown  that  a 
single  subcarcinogenic  dose  of  a  hydro¬ 
carbon  carcinogen  may  so  alter  the 
skin  that  croton  oil  will  elicit  many 
tumors  when  applied  as  long  as  43 
weeks  after  the  application  of  the  car¬ 
cinogen  (45,58).  It  seems  reasonable 
to  suppose  that  the  applied  carcinogen 
had  disappeared  by  that  time,  but  this 
has  not  been  proved  conclusively. 
Moreover,  this  situation  has  not  been 
shown  surely  to  occur  in  any  other 


PRODUCTION  OF  TUMORS  IN  MICE 
FOLLOWING  A  SINGLE  SUBCUTANEOUS  INJECTION  (I) 
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PRODUCTION  OF  LIVER  TUMORS  IN  RATS 

BY  ARAMITE  ADMINISTERED  IN  THE  DIET  (I) 


Fig.  4.  Response  of  rats  to  the  oral  administration  of  graded  doses  of  aramite  in  the  diet. 
Numbers  in  parentheses  represent  the  number  of  rats  fed  at  each  level. 


PULMONARY  TUMORS  IN  STRAIN-A- MICE 


w^d0d29dOS^T  1'2A6-Xn“ay„t‘i;r”Snein  ThJTpOTtan?  lnJ-ect??  inlraTOW°usly  with  single 
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tissue,  and  until  experimental  proof 
is  forthcoming  no  generalized  assump¬ 
tion  that  such  a  mechanism  may  occur 
elsewhere  is  justified.  In  the  instance 
of  subcutaneous  carcinogenesis,  a 
single  dose  of  a  polycyclic  hydrocarbon 
implanted  in  a  cholesterol  pellet  gave 
rise  to  a  tumor  months  later  (53).  In 
this  case  it  has  been  shown  that  appre¬ 
ciable  quantities  of  carcinogen  could  be 
recovered  from  the  pellets  18  months 
after  implantation.  In  addition,  cho¬ 
lesterol  itself  is  weakly  carcinogenic 
by  this  route. 

The  “no  effect  level”  for  pharma¬ 
cologically  active  compounds  is  in  gen¬ 
eral  dependent  on  the  route  and  timing 
of  administration.  With  compounds 
which  are  not  readily  removed  or 
metabolized  or  whose  effect  is  per¬ 
sistent,  similar  responses  can  be  ob¬ 
tained  using  either  multiple  small 
doses  or  single  large  ones.  An  example 
is  the  action  of  reserpine  on  the  heart 

(59) .  Ten  daily  doses  of  0.003  mg/kg 
(a  total  of  0.03  mg)  produced  the  same 
magnitude  of  effect  as  a  single  injec¬ 
tion  of  0.3  mg/kg.  As  with  such  toxi¬ 
cants,  dose  response  to  carcinogens 
may  be  altered  by  fractionation  of 
doses.  Thus  DMBA  has  been  shown 
to  be  an  effective  carcinogen  to  mouse 
skin  when  given  in  doses  of  2.5  micro¬ 
grams  twice  weekly  for  50  weeks, 
whereas  250  micrograms  applied  as  a 
single  dose  did  not  induce  any  tumors 

(60) .  In  this  instance  metabolic 
factors  may  be  of  considerable  signifi¬ 
cance,  but  the  importance  of  con¬ 
tinued,  prolonged  stimulation  for  a 
maximal  response  seems  evident. 

As  regards  the  question  of  reversi¬ 
bility  of  the  carcinogenic  process,  it  is 
interesting  to  consider  the  carcino¬ 
genic  action  of  plastics  implanted 
subcutaneously.  It  has  been  found,  for 
example,  that  certain  polyethylene 
films  implanted  subcutaneously  will 
induce  sarcomas  in  rats  and  mice  after 
a  latent  period  of  a  year  or  so.  If  the 
films  are  removed  before  6  months,  the 


initial  fibrotic  lesions  do  not  progress 
to  sarcoma  (22b).  If  the  films  are 
removed  after  having  been  in  place  for 
this  critical  time,  tumors  will  occur 
some  while  later,  indicating  the  occur¬ 
rence  of  an  irreversible  change  taking 
some  months  to  induce,  possibly  by 
physical  rather  than  chemical  action. 
There  are  few  data  bearing  on  this 
phenomenon  for  other  organs.  Clayton 
and  Baumann  (61)  have  made  studies 
with  3'-methy  1-4-dimethy  laminoazo- 
benzene  in  which  the  compound  was 
fed  continuously  and  intermittently. 
The  incidence  of  liver  tumors  in  the 
animals  fed  the  dye  continuously  was 
slightly  higher  than  in  those  not  re¬ 
ceiving  the  dye  for  several  weeks  at  a 
time  but  the  data  indicate  that  the 
effect  of  the  first  feeding  period  had 
not  been  markedly  altered  in  the  sev¬ 
eral-week  interval  between  dye  feed¬ 
ings. 

There  is  a  lack  of  definitive  knowl¬ 
edge  concerning  the  nature  of  the 
critical  step  or  steps  in  the  conversion 
of  a  normal  cell  to  a  neoplastic  one. 
Regardless  of  the  mechanisms  in¬ 
volved,  experiments  indicate  that  con¬ 
tinuous  exposure  to  the  carcinogenic 
agent  is  not  a  requirement  for  the 
formation  of  cancer  cells,  and  inter¬ 
mittent  exposure  to  carcinogens  pre¬ 
sents  hazards  which  are  not  present 
in  similar  exposure  to  rapidly  acting 
and  rapidly  metabolized  and  excreted 
toxic  materials.  Compounds  of  inter¬ 
mediate  duration  of  action  in  animals, 
e.g.,  certain  cholinesterase  inhibitors, 
rauwolfia  alkaloids,  and  heavy  metals 
(due  to  accumulation),  are  known. 
Whether  carcinogens  represent  a  dis¬ 
tinct  class  or  are  extreme  representa¬ 
tives  of  a  continuous  spectrum  in  terms 
of  duration  of  action  or  effect  is  not 
known.  The  fact  that  single  doses  of 
radiation  can  induce  cancer  might  be 
cited  to  support  the  former  inter¬ 
pretation. 

The  response  to  given  doses  of  car¬ 
cinogens  has  been  shown  to  be  influ- 
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enced  by  closely  related  non-carcino- 
genic  or  more  weakly  carcinogenic 
compounds  (62,  63).  Representatives 
of  one  class  of  carcinogens,  the  poly¬ 
cyclic  hydrocarbons  have,  in  fact,  been 
found  to  inhibit  the  cancer-inducing 
activity  of  carcinogenic  compounds  of 
the  aminoazobenzene  type  (64),  and 
acetylaminofluorene  (65).  The  effects 
of  mixtures  of  compounds  of  similar 
and  dissimilar  chemical  types  and  car¬ 
cinogenic  activities  have  not  been 
studied  except  in  a  few  preliminary 
experiments  and  constitute  an  area  in 
which  more  information  is  needed.  Al¬ 
though  the  number  of  mixtures  of  com¬ 
pounds  and  materials  and  combina¬ 
tions  of  types  of  multiple  exposure  to 
carcinogens  that  could  be  studied  is 
almost  unlimited,  the  multiple  nature 
of  human  exposure  makes  efforts  in 
this  direction  highly  desirable. 

From  the  preceding  review  of  avail¬ 
able  information,  these  generalizations 
concerning  potent  carcinogens  seem  to 
be  warranted : 

1.  If  a  substance  is  shown  by  ade¬ 
quate  tests  to  be  carcinogenic  for  one 
mammalian  species,  it  is  probable  that 
it  is  carcinogenic  for  many,  but  not 


necessarily  for  all,  others,  although 
quantitative  differences  between  spe¬ 
cies  may  be  marked. 

2.  Carcinogens  are  likely  to  be 
active  when  administered  by  any  of 
several,  but  not  necessarily  all,  routes, 
although  noteworthy  quantitative  dif¬ 
ferences  associated  with  route  of  ad¬ 
ministration  are  evident. 

3.  There  are  non-tumorigenic  levels 
of  exposure  to  carcinogens  for  given 
experimental  conditions,  but  threshold 
levels  may  be  affected  by  a  number  of 
factors  associated  with  the  carcino¬ 
genic  process. 

As  noted,  these  generalizations  seem 
to  be  warranted  in  the  case  of  potent 
carcinogens.  There  is  practically  no 
comparative  information  on  the  activ¬ 
ity  of  weak  carcinogens  and  weak  car¬ 
cinogenic  mixtures  in  various  species 
and  by  different  routes  of  administra¬ 
tion.  If  the  mechanisms  of  action  of 
the  potent  and  weak  carcinogens  are 
the  same,  as,  in  the  absence  of  knowl¬ 
edge,  they  might  be  assumed  to  be, 
then  the  generalizations  are  probably 
warranted  in  the  case  of  weak  car¬ 
cinogens. 
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Evaluation  of  the 

Carcinogenicity  of  Food  Additives* 


It  is  evident  from  the  foregoing  that 
tests  made  using  experimental  animals 
cannot  provide  irrefutable  proof  of  the 
safety  or  carcinogenicity  of  a  sub¬ 
stance  for  the  human  species,  but  it  is 
perhaps  reassuring  that  the  known 
carcinogenic  responses  of  humans  to 
certain  chemicals  are  similar  in  many 
ways  to  those  seen  in  experimental 
animals.  Despite  the  impossibility  of 
absolute  proof,  it  is  prudent  to  test 
substances  proposed  for  use  as  food 
additives  for  their  carcinogenic  activi¬ 
ties  in  experimental  animals,  unless 
prior  knowledge  indicates  that  such 
tests  are  unnecessary.  The  results  of 
these  tests  should  determine  in  part 
the  use  of  the  substances  in  the  human 
dietary.  Hence,  there  is  the  task  of 
devising  practical  and  informative  pro¬ 
cedures  for  the  determination  of  the 
carcinogenicity  of  substances  proposed 
for  use  in  foods.  Such  tests  must  pro¬ 
vide  valid  data  of  use  to  experts  in 
arriving  at  a  decision  as  to  the  car¬ 
cinogenic  hazard  for  man  associated 
with  the  use  of  a  substance.  With  these 
considerations  in  mind,  a  general  pro¬ 
cedure  is  suggested.  It  is  believed  that 
the  tests  proposed  are  practical  in  re¬ 
spect  to  the  time  and  expense  involved 
and  that  they  will  yield  useful  infor¬ 
mation  not  far  short  of  the  maximum 
that  could  be  obtained  from  the  most 
extensive  tests  that  can  now  be  de¬ 
vised.  Potent  carcinogens  will  be  de- 
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tected  with  less  stringent  testing  than 
that  suggested,  and  experience  will  aid 
qualified  observers  to  decide  which  ad¬ 
ditives  or  proposed  additives  should  be 
subjected  to  the  whoie  battery  of  tests. 
It  would  be  unnecessary  to  require 
many  familiar  chemicals  used  as  addi¬ 
tives  to  be  tested  in  this  way.  On  the 
other  hand,  such  testing  might  reason¬ 
ably  be  required  in  the  case  of  a  mate¬ 
rial  completely  new  to  man’s  experi¬ 
ence,  or  in  the  case  of  a  compound 
related  chemically  to  a  demonstrated 
carcinogen.  The  numerous  problems 
involved  in  devising  adequate  tests  for 
carcinogenicity  are  discussed  in  some 
detail  below. 


EXPERIMENTAL  ANIMALS 

Selection  of  the  Species  and  Strain 
of  Test  Animals.  The  numbers  and 
types  of  tumors  induced  by  a  carcino¬ 
gen  depend  in  part  on  the  species  and 
strain  of  the  test  animals.  Further¬ 
more,  the  time  needed  to  induce  tu¬ 
mors,  particularly  with  weakly  active 
compounds,  may  be  a  large  fraction 
of  the  life  span  of  the  animals.  An 
important  practical  objective  is,  there¬ 
fore,  to  select  susceptible  animals  with 
short  hfe  spans.  Since  mammals  are 
piobably  superior  to  non-mammalian 
species  for  the  purpose  at  hand,  the 
choice  is  practically  limited  to  the  vari¬ 
ous  rodent  species.  The  only  short¬ 
lived  rodent  species  that  are  available 
and  convenient  to  house  in  large  num- 

ers  are  .the  rat,  mouse,  hamster,  and 
guinea  pig.  The  rat  and  mouse  have 
been  shown  to  be  susceptible  to  the 
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carcinogenic  action  of  a  large  variety 
of  compounds  and,  indeed,  most  of  our 
knowledge  of  chemical  carcinogenesis 
is  based  on  the  use  of  these  species. 
The  hamster  and  guinea  pig  are  rela¬ 
tively  resistant  to  the  carcinogenic 
action  of  several  compounds  which 
produce  tumors  readily  in  the  rat  and 
mouse.  On  the  other  hand,  no  known 
carcinogens  for  the  hamster  and  guinea 
pig  are  inactive  in  the  rat  and  mouse. 

The  uncertainties  inherent  in  the 
extrapolation  of  data  from  species  to 
species  make  it  advisable  to  include  a 
non-rodent  in  these  tests.  The  dog, 
monkey,  and  pig  have  received  con¬ 
sideration  in  this  regard,  although  all 
of  these  species  have  long  life  spans. 
The  dog  seems  particularly  appropri¬ 
ate  despite  the  fact  that  it  has  been 
used  relatively  little  for  the  detection 
of  carcinogens.  The  dog  is  susceptible 
to  the  induction  of  bladder  tumors,  an 
important  spontaneous  and  induced 
tumor  in  the  human.  It  is  also  suscep¬ 
tible  to  the  induction  of  liver  tumors 
by  azo  dyes.  For  these  reasons,  the 
dog  is  a  species  of  choice  for  the  test¬ 
ing  of  aromatic  amino  and  azo  com¬ 
pounds.  Furthermore,  the  dog  is  being 
used  in  the  tests  for  chronic  toxicity 
of  at  least  the  major  proposed  food 
additives  and  pesticides.  Although  the 
duration  of  these  tests  has  often  been 
only  one  year,  the  trend  recently  has 
been  to  lengthen  the  test  to  two  years 
or  more.  The  two-year  chronic  toxicity 
test  in  the  dog  is  not  in  general  an 
adequate  test  for  carcinogenicity,  how¬ 
ever,  and  the  chronic  experiments 
should  include  enough  dogs  so  that  a 
number  can  be  kept  for  at  least  four 
years.  If  indications  of  carcinogenesis 
are  seen  in  those  animals  sacrificed 
after  two  years  on  test,  it  will  be  im¬ 
portant  to  continue  others  for  longer 
periods. 

The  rat,  mouse,  and  dog,  then,  ap¬ 
pear  to  be  the  most  practically  useful 
species  for  routine  tests  for  carcino¬ 
genicity.  The  next  problem  that  re¬ 


quires  consideration  concerns  the 
strains  of  these  species  that  should  be 
employed.  The  ideal  strain  would  be 
one  with  no  incidence  of  spontaneous 
tumors  and  a  high  general  suscepti¬ 
bility  to  carcinogenic  agents.  An  ap¬ 
preciable  spontaneous  tumor  incidence 
may  complicate  experiments  designed 
to  detect  low  levels  of  carcinogenicity. 
Furthermore,  because  of  the  long  time 
usually  necessary  for  cancer  to  be  in¬ 
duced  with  weak  carcinogens,  use  of 
strains  with  high  incidences  of  tumors 
appearing  early  enough  to  reduce  the 
life  span  materially  might  vitiate  the 
test.  On  the  other  hand,  the  very  fact 
that  there  are  strains  with  a  low  inci¬ 
dence  of  spontaneous  tumors  raises 
the  possibility  that  such  strains  might 
be  too  insensitive  to  weak  carcinogens 
to  be  good  test  animals  for  the  present 
purpose.  However,  the  available  data 
shed  little  light  on  this  matter.  For 
example,  the  incidence  of  lung  tumors 
induced  by  urethan  parallels  the  spon¬ 
taneous  incidence  of  these  tumors  in 
all  mouse  strains  tested;  yet  the  sus¬ 
ceptibility  of  a  mouse  strain  to  the 
occurrence  of  spontaneous  leukemia 
bears  no  relation  to  the  susceptibility 
of  the  strain  to  the  induction  of  leu¬ 
kemia  by  methylcholanthrene  or  by 
x-rays  (66).  With  our  present  knowl¬ 
edge,  the  choice  of  strain  of  each  of 
the  three  species  considered  will  de¬ 
pend  primarily  on  what  strains  are 
available  and  only  secondarily  on  their 
spontaneous  tumor  incidence  and  sus¬ 
ceptibility  to  chemical  carcinogenesis. 
Because  of  this,  the  importance  or 
proper  use  of  negative  and  positive 
controls,  as  discussed  later,  is  difficult 
to  overstress. 

The  mouse  has  been  the  most  widely 
used  animal  in  cancer  research,  and 
many  special  strains  have  been  devel¬ 
oped  that  have  known  spontaneous 
incidences  of  different  types  of  tumors 
(67,68,69,70,71).  Unless  some  spe¬ 
cial  problem  is  to  be  studied,  the  use 
of  strains  with  high  incidences  of 
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specific  tumors  does  not  seem  to  be 
indicated  in  the  routine  study  for  car¬ 
cinogenicity.  However,  special  cases 
can  be  envisaged;  for  example,  some 
substance  closely  related  chemically  to 
urethan  might  be  under  investigation, 
and  under  these  conditions  a  more 
rapid  result  might  be  achieved  if  the 
agent  were  studied  in  the  strain  A 
mouse,  notable  for  its  high  incidence 
of  pulmonary  adenomas.  In  this  type 
of  experiment,  an  increase  in  a  known 
incidence  of  tumors  at  a  time  early  in 
the  experiment  is  obtained  with  the 
test  agent,  and  careful  statistical  plan¬ 
ning  is  necessary.  Some  investigators 
have  thought  that  the  use  of  a  strain 
with  a  very  low  incidence  of  sponta¬ 
neous  tumors  is  of  some  use,  particu¬ 
larly  in  the  investigation  of  subcu¬ 
taneous  carcinogenesis. 

If  hybrid  mice  (other  than  the  Fx 
generation)  are  to  be  used  in  carcino¬ 
genesis  studies,  it  is  of  great  impor¬ 
tance  that  the  investigator  establish  a 
base  line  of  tumor  incidence  in  un¬ 
treated  animals.  This  will  be  more 
variable  than  in  the  inbred  strains  and 
will  necessitate  the  use  of  a  large  num¬ 
ber  of  controls. 

In  the  case  of  the  rat,  few  inbred 
strains  are  available  and  these  have 
been  used  only  on  a  limited  scale  in 
carcinogenesis  studies.  The  usual 
breeds  of  rats  used,  such  as  the 
Sprague-Dawley  (essentially  compa¬ 
rable  with  the  Holtzman  and  Rolfs- 
meyer  strains),  Osborne-Mendel,  Wis- 
tar,  and  Long-Evans,  have  variable 
sensitivities  to  carcinogens  and  have 
been  reported  to  have  variable  and 
often  high  incidences  of  spontaneous 
tumors  in  various  laboratories.  Par¬ 
ticular  sites  may  be  affected.  For 
example  m  the  Sprague-Dawley  strain 
by  far  the  greatest  number  of  these 
tumors  are  mammary  fibroadenomas. 

rL  In  be  iUSeful  t0  have  a  breed  of 
rat  with  a  lower  spontaneous  tumor 

incidence  than  those  in  current  use. 

Hueper  (72)  has  suggested  that  the 


Bethesda  black  rat  might  serve  such 


a  purpose. 

So  little  is  known  about  differences 
between  breeds  of  dogs  in  regard  to 
carcinogenesis  that  questions  of  which 
breed  to  use  or  whether  mongrels  are 
as  suitable  as  purebreds  cannot  at 
present  be  satisfactorily  answered.  In 
practice  the  choice  depends  consider¬ 
ably  on  procurement  circumstances. 
Although  many  investigators  use  pure¬ 
bred  beagles,  this  choice  is  not  dictated 
by  any  demonstrated  superiority  of  the 
beagle  for  carcinogenicity  testing.* 

The  investigator  should  have  com¬ 
plete  knowledge  of,  and  control  over, 
his  experimental  animals  throughout 
their  lives.  In  most  cases,  he  can  best 
achieve  this  by  maintaining  his  own 
breeding  colonies.  The  use  of  insecti¬ 
cides,  miticides,  and  cleansing  agents, 
and  other  environmental  factors  might 
well  affect  the  incidence  of  tumors  in 
animals,  particularly  if  they  come  into 
contact  with  these  factors  during  their 
early  life.  For  example,  in  one  instance 
the  occurrence  of  skin  tumors  in  un¬ 
treated  mice  was  subsequently  shown 
to  be  related  to  contact  with  wooden 
cages  impregnated  with  creosote  oil 
(73). 


Sex  and  Age  of  Animals.  Both  sexes 
should  be  used  since  certain  tumors  are 
characteristic  of  only  one  sex.  The 
induction  of  mammary  tumors  pri¬ 
marily  in  the  female  is  well  known. 
Less  well  known  is  the  occurrence  of 
liver  tumors  primarily  in  the  male 
rat  when  certain  aromatic  amines  are 
fed  (7). 


— ~ ctminais  snould  be 
employed  so  that  the  major  part  of  the 
ife  span  is  available  for  exposure  to 
the  agent.  In  most  instances  adoles¬ 
cent  animals  have  been  used.  Even 
younger  animals  can  be  used  if  tho 
compound  being  tested  does  not  cause 


tumors  in  rats  and  dogs  g 
Appendix  C  and  Appendix  D 


are  presented 
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great  restriction  of  the  food  intake. 
Fetal  exposure  to  the  test  agent  might 
be  of  value  in  some  instances  and  is 
known  to  be  effective  in  the  induction 
of  lung  adenomas  by  urethan. 

DIET 

In  general,  the  diet  should  permit 
normal  growth  and  reproduction  and 
allow  the  usual  life  span  to  be  attained. 
It  should  be  constant  in  composition 
and  available  in  fresh  form  through¬ 
out  the  tests.  Ad  libitum  feeding  is 
favored  since  caloric  restriction  can 
lower  the  incidence  of  spontaneous  and 
chemically  induced  tumors  at  various 
sites  in  the  mouse  (74).  Variations  in 
nutrient  intake  can  profoundly  influ¬ 
ence  spontaneous  tumor  incidence  (74, 
75,76).  Thus  if  addition  of  a  test  sub¬ 
stance  to  the  diet  significantly  changes, 
for  example,  the  palatibility^  the  ca¬ 
loric  density,  the  relation  of  protein  to 
energy  value,  or  other  nutrient  rela¬ 
tionships  of  the  test  diet  in  relation  to 
the  control,  the  effect  of  such  change 
might  conceal  or  falsely  indicate  weak 
carcinogenic  activity  of  the  test  sub¬ 
stance.  Similarly,  if  application  of  the 
test  substance  by  a  route  other  than 
feeding  significantly  alters  the  food 
intake,  care  in  interpretation  of  tu- 
morigenic  results  is  essential.  Purified 
diets  of  special  composition  may  be 
useful  in  testing  the  carcinogenicity  of 
certain  substances  such  as  the  ami- 
noazo  dyes  (77). 

EXPERIMENTAL  PROCEDURES 

Dosage  and  Dose-Response.  The 
dosage  levels,  regardless  of  the 
route  of  administration,  should  be 
planned  with  great  care.  One  dosage 
level  should  be  near  the  maximum  that 
can  be  tolerated  without  affecting  the 
long-term  survival  of  the  animals.  A 
decision  as  to  the  proper  level  can 
often  be  made  from  results  of  tests  of 
a  few  weeks  or  months  duration  with 
high  dosage  levels.  Several  lower  levels 


should  also  be  employed  in  the  life¬ 
span  tests  to  obtain  dose-response 
data.  These  lower  levels  are  often  con¬ 
veniently  selected  at  one-half,  one- 
quarter,  and  one-tenth  the  maximum 
tolerated  dose.  The  observation  of  a 
well  defined  graded  dose-response  fa¬ 
cilitates  differentiation  between  the 
action  of  the  test  agent  and  the  occur¬ 
rence  of  spontaneous  events  in  the  con¬ 
trol  group.  Furthermore,  in  a  multiple 
dose-level  study,  if  the  dose  at  the 
highest  level  proves  too  toxic,  use  of 
one  of  the  lower  levels  will  probably 
suffice  to  measure  the  effects  of  near¬ 
maximum  life-time  dosage. 

Use  of  Control  Groups.  Tests  de¬ 
signed  to  detect  weakly  active  carcino¬ 
gens  must  be  carefully  controlled.  At 
the  very  least,  this  calls  for  the  use 
of  a  negative  control  group  of  animals, 
as  large  as,  or  larger  than,  the  indi¬ 
vidual  experimental  groups,  which  is 
treated  similarly  to  the  experimental 
groups  in  every  way  except  for  expo¬ 
sure  to  the  agents  in  question.  For 
example,  a  vehicle  used  to  administer 
a  test  substance  must  be  administered 
to  the  control  group.  Similarly,  if 
parenteral  administration  of  a  sub¬ 
stance  is  performed  without  a  vehicle, 
then  sham  administration  should  be 
employed  in  the  control  group.  Each 
series  of  tests  should  have  its  own  con¬ 
trol  group.  It  is  desirable  to  start 
small  series  of  tests,  each  with  its  own 
controls,  rather  than  to  use  one  control 
group  for  a  large  series  of  tests. 

In  addition  to  the  negative  control 
groups,  positive  control  groups  given 
known  carcinogens  are  useful  to  check 
on  the  susceptibility  of  the  animals. 
The  selection  of  the  carcinogen  and  its 
dosage  will  be  determined  by  the  cir¬ 
cumstances  and  should  be  standardized 
in  each  laboratory.  If  a  known  car¬ 
cinogen  is  administered  in  such  a  way 
as  to  give  a  definite  but  weak  response 
in  the  positive  control,  the  findings 
with  the  various  levels  of  the  com- 
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pound  under  test  will  be  more  readily 
interpretable. 

Character  of  the  Samples  of  Com¬ 
pounds  under  Test.  All  agents  should 
be  tested  in  the  form  and  purity  in¬ 
tended  for  human  use.  Thus,  only  pro¬ 
duction  samples  and  not  pilot  plant  or 
laboratory  samples  should  be  tested  in 
the  final  evaluation.  Rigorous  control 
must  be  exercised  over  the  identifica¬ 
tion  of  the  batch  of  agent  used,  and 
the  supply  under  test  must  be  carefully 
preserved  or  replenished  if  necessary 
during  these  long  animal  tests. 

Group  Size  and  the  Significance  of 
the  Results.  The  numbers  of  animals 
used  in  the  experimental  and  control 
groups  should  be  the  numbers  needed 
to  yield  statistically  reliable  results. 
Tables  I  and  II,  from  Boyland  (78) 
and  Vos  (79)  respectively,  are  inform¬ 
ative.  From  Table  I  it  can  be  seen, 
for  example,  that  a  5  per  cent  inci¬ 
dence  of  tumors  in  the  experimental 
group  cannot  be  regarded  as  signifi¬ 
cant  (P  =  0.025)  unless  at  least  75 
animals  are  used  in  each  group  with 
no  tumors  appearing  in  the  controls. 


Table  II  gives  the  differences  which 
must  appear  between  two  equal  groups 
to  be  significant  (P  =  0.05)  with 
groups  of  50,  40,  30,  20,  and  10  ani¬ 
mals.  The  information  is  presented  to 
indicate  that  if  the  least  affected  group 
has  a  certain  percentage  tumor  inci¬ 
dence,  then  the  most  affected  group 
must  have  a  specified  larger  percent¬ 
age  incidence  in  order  for  the  differ¬ 
ences  to  be  significant.  Thus,  at  least 
50  animals  per  group  would  be  neces¬ 
sary  in  order  to  give  reasonable  assur¬ 
ance  (P  —  0.05)  that  tumor  incidences 
of  25  per  cent  in  the  experimental  and 
10  per  cent  in  the  negative  control 
groups  are  in  reality  different.  A  lower 
level  of  assurance  (e.g.,  P  — ■  0.10) 
might  frequently  be  adequate.  In  such 
cases,  fewer  animals  per  group  than 
indicated  in  the  tables  will,  of  course, 
be  needed. 

Groups  of  rats  and  mice  of  the  sizes 
indicated  can  be  employed  without  un¬ 
due  expense,  but  it  is  not  likely  that 
such  large  groups  of  dogs  can  be  em¬ 
ployed  for  every  agent  tested.  In  the 
case  of  the  dog  it  is  probable  that  for 


TABLE  I.a  Minimum  Tumor  Incidence  in  Experimental  Series 
That  Can  Be  Regarded  as  Significant  (P  =  0.025) 

Where  No  Tumors  Appear  in  Controls  b 


Number  of  animals 
in  each  group 

Minimum  percentage  incidence 
in  experimental  groups 
that  can  be  regarded 
as  significant 

3 

5 

100.0 

10 

60.0 

15 

40.0 

20 

26.7 

25 

20.0 

30 

16.0 

35 

13.3 

50 

11.4 

75 

8.0 

100 

5.3 

- - 

4.0 

„  wi?P  T  Table  1  of  Hyland  (78)  - - - - 

ere  ec.ua,  u„mbers  o£  control  and  experimental  aninla]s  ^ 
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TABLE  II.  Differences  between  Two  Groups  Necessary  for  Significance  (P  =  0.05)a 


50  animals 

per  group 

kO  animals 
per  group 

SO  animals 
per  group 

20  animals 
per  group 

10  animals 
per  group 

Percentage 

incidence 

Least  Most 
affected  affected 

Percentage 

incidence 

Least  Most 
affected  affected 

Percentage 

incidence 

Least  Most 

affected  affected 

Percentage 

incidence 

Least  Most 
affected  affected 

Percentage 
incidence 
Least  Most 
affected  affected 

0 

12 

0 

15 

0 

20 

0 

30 

0 

50 

4 

16 

5 

20 

3% 

26% 

5 

35 

10 

70 

10 

26 

10 

27  % 

10 

36% 

10 

45 

20 

80 

20 

38 

20 

42  % 

20 

46% 

20 

55 

30 

90 

30 

50 

30 

52% 

30 

56% 

30 

65 

40 

100 

40 

60 

40 

62 

40 

66% 

40 

75 

50 

100 

50 

70 

50 

72% 

50 

76% 

50 

85 

60 

— 

60 

80 

60 

82% 

60 

86% 

60 

90 

70 

— 

70 

88 

70 

90 

70 

93% 

70 

100 

80 

— 

80 

94 

80 

95 

80 

100 

80 

— 

90 

— 

90 

— 

90 

— 

90 

— 

90 

— 

*  Derived  by  Bert  J.  Vos  (79)  using  the  chi  square  method  with  Yates’  correction 


some  time  smaller  groups  will  have  to 
be  used,  with  great  attention  being 
paid  to  the  number,  nature,  and  loca¬ 
tion  of  any  suspicious  lesions  occurring 
in  the  experimental  and  control  groups, 
and  with  great  reliance  being  put  on 
the  judgment  of  the  investigator. 

Routes  of  Administration.  In  the 
case  of  food  additives,  the  oral  route 
should  always  be  one  of  the  modes  of 
administration.  This  route  has  been 
used  successfully  with  rats,  mice,  and 
dogs  for  the  chemical  induction  of  a 
variety  of  tumors.  However,  the  gas¬ 
trointestinal  tracts  of  rats  and  mice, 
and  probably  dogs,  are  relatively  re¬ 
sistant  to  the  induction  of  tumors  and 
relatively  free  of  spontaneous  tumors 
in  contrast  to  man  where  approxi¬ 
mately  one-quarter  of  the  spontaneous 
tumors  observed  are  found  in  the  gas¬ 
trointestinal  tract,  principally  in  the 
stomach  and  colon.  Feeding  large 
amounts  of  the  test  substances  will 
overcome,  in  part,  the  resistance  of 
these  species  to  the  induction  of  gas¬ 
trointestinal  tumors,  but  a  better  solu¬ 
tion  to  this  problem  would  be  the 
discovery  of  a  short-lived  species  more 


responsive  in  this  respect.  For  ex¬ 
ample,  the  occurrence  of  spontaneous 
stomach  tumors  in  Mastomys  natalen- 
sis  might  indicate  that  this  rodent  is 
more  susceptible  to  induced  cancer  at 
this  site  than  are  the  commonly  used 
laboratory  rats.  The  pig  is  generally 
considered  to  have  a  gastrointestinal 
tract  which  in  structure  and  physi¬ 
ology  is  very  similar  to  that  of  the 
human.  However,  the  lack  of  data  on 
tumor  induction  in  this  species  and  its 
long  life  span  argue  against  its  use  for 
the  present.  In  any  case,  the  occur¬ 
rence  of  tumors  in  the  mammary 
gland,  liver,  lung,  and  bladder,  for 
example,  following  ingestion  of  known 
carcinogens  by  rats,  mice,  and  dogs 
fully  justifies  the  use  of  the  oral  route 
of  administration  for  tests  in  these 
species. 

Topical  application  of  test  sub¬ 
stances  to  the  skin  has  been  used 
widely  in  carcinogenicity  tests.  The 
epithelium  of  the  human  skin  is  a  fre¬ 
quent  site  of  tumor  formation  and  is 
responsive  to  known  carcinogens.  Be¬ 
cause  of  this  fact  and  since  results  in 
test  animals  can  be  observed  easily  and 
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early  during  the  test,  skin  application, 
in  addition  to  the  oral  tests,  appears 
to  be  a  useful  procedure.  The  skin 
epithelium  of  the  mouse  is  generally 
more  responsive  to  tumor  formation 
than  that  of  the  rat,  and  thus  the 
mouse  is  the  species  of  choice  for  tests 
using  this  route  of  administration. 
Various  solvents  will  have  to  be  used 
as  vehicles  for  applying  the  different 
kinds  of  substances  by  this  route.  Par¬ 
ticular  attention  must  be  paid  to  ef¬ 
fects  of  these  solvents  in  the  control 
groups  and  to  the  possibility  that  they 
may  possess  “promoting”  or  even  “in¬ 
itiating”  activity  in  the  induction  of 
skin  tumors. 

Both  rats  and  mice  frequently  de¬ 
velop  sarcomas  following  the  subcu¬ 
taneous  injection  of  a  wide  variety  of 
substances,  with  the  subcutaneous  tis¬ 
sue  of  the  rat  being  the  more  sensitive. 
As  a  result,  the  repeated  subcutaneous 
injection  of  test  substances  in  rats  and 
mice  is  often  employed  to  detect  car¬ 
cinogenic  activity.  Parenteral  injec¬ 
tion  has  been  recommended  by  Boyland 
(80)  as  “more  stringent  and  desirable” 
than  oral  administration  for  testing 
food  additives.  However,  in  so  far  as 
this  recommendation  applies  to  re¬ 
peated  subcutaneous  injection,  it  does 
not  withstand  a  critical  appraisal.  In 
the  first  place,  some  substances  nor¬ 
mally  found  in  the  body  and  in  (and 
even  essential  to)  a  normal  diet,  e.g., 
glucose,  fructose,  and  sodium  chloride! 
have  produced  sarcomas  in  the  sub¬ 
cutaneous  tissue  of  rats  and  mice  when 
large  doses  were  injected  repeatedly. 
Secondly,  there  are  several  character¬ 
istics  of  the  subcutaneous  test  for  car¬ 
cinogenicity  which  throw  doubt  on  its 
usefulness.  The  production  of  sar¬ 
comas  in  the  rat  by  repeated  subcuta¬ 
neous  injection  of  hypertonic  solutions 
of  glucose  and  sodium  chloride  raises 
the  strong  suspicion  that  purely  phvsi- 
cal  factors  may  be  responsible  for 
induction  of  tumors  by  this  route. 
Certain  substances  known  to  be  car¬ 


cinogenic  when  ingested  (azo  dyes, 
/3-naphthylamine,  acetylaminofluorene ) 
produce  low  incidences  of  sarcomas 
when  injected  and  are  usually  less 
effective  at  other  sites  than  when  given 
orally.  Furthermore,  trauma  and  re¬ 
generation  are  produced  by  each  injec¬ 
tion  and  may  be  of  significance  if 
repeated  injections  are  necessary  to 
produce  the  sarcomas. 

Hence  it  is  our  opinion  that,  when 
large  doses  of  material  must  be  given 
repeatedly,  the  subcutaneous  route  of 
testing  substances  for  their  carcino¬ 
genic  activity  is  of  limited  value  and 
of  dubious  interpretation.  Despite  this 
criticism  of  the  test,  the  subcutaneous 
route  should  not  be  disregarded  and 
might  prove  of  value  in  the  routine 
evaluation  of  the  carcinogenicity  of 
some  substances  proposed  for  use  in 
foods.  It  is  suggested  that  the  test 
might  consist  of  a  single  injection  or 
implantation  in  the  mouse  of  not  more 
than  100  mg  of  the  test  substance.  If 
the  substance  is  implanted,  it  should 
be  finely  powdered.  The  use  of  a  single 
application  will  minimize  the  effects  of 
trauma,  while  the  dosage  level  of  100 
mg  is  at  least  1000  times  the  level  of 
a  potent  carcinogen  such  as  3,4-benz- 
pyrene  which  will  yield  a  significant 
incidence  of  sarcomas  by  this  route  in 
the  mouse.  Further  study  of  the  value 
of  the  subcutaneous  test  for  routine 
evaluation  of  carcinogenicity  is  needed. 

Pathological  Evaluation  in  Tests  for 
Carcinogenicity.  For  the  evaluation  of 
the  findings  in  tumorigenesis  it  is  es¬ 
sential  that  adequate  pathological 
examinations  be  made.  No  nodular 
lesion  should  be  called  a  neoplasm  until 
its  structural  nature  has  been  deter¬ 
mined  by  microscopic  examination: 
otherwise,  granulomas,  cysts,  and  hy¬ 
perplasias  might  erroneously  be  called 
neoplasms.  Moreover,  when  a  tumor 
is  present,  the  evaluation  of  its  nature, 
”  'V^et^er  lt  is  benign  or  malignant, 
^ndfs  upon  its  histological 

aractenstics.  The  services  of  a  com- 
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petent  pathologist  familiar  with  the 
diseases  of  laboratory  animals,  par¬ 
ticularly  tumors,  should  be  available. 
Whenever  possible,  the  pathologist 
should  do  the  autopsies  personally  or 
at  least  supervise  their  performance. 
In  any  case,  a  final  opinion  as  to  the 
nature  of  a  particular  neoplasm  should 
be  withheld  until  the  histopathological 
sections  have  been  examined  by  a 
pathologist. 

In  some  cases  it  is  not  possible  to 
diagnose,  on  the  basis  of  morphological 
grounds  alone,  whether  a  tumor  is 
malignant  or  benign.  In  such  cases, 
transplantation  studies  may  provide 
additional  diagnostic  help.  It  is  gen¬ 
erally  agreed  that  the  ability  of  a 
tumor  to  grow  in  transplant  to  a  non- 
inbred  animal  is  evidence  indicating 
malignancy. 

Rapid  (Short-Term)  Test  Proce¬ 
dures.  A  test  specific  for  carcinogenic 
agents  which  could  be  completed  in  a 
few  days,  weeks,  or  months  would  be 
of  great  value  in  the  screening  of  com¬ 
pounds  and  crude  materials  for  car¬ 
cinogenic  activity.  Of  the  various  pos¬ 
sible  bio-assay  procedures  examined  to 
date,  however,  none  has  shown  more 
than  limited  usefulness. 

The  biological  actions  investigated 
as  possible  tests  include:  sebaceous 
gland  suppression  and  epidermal  thick¬ 
ening  in  mouse  skin  (81,82)  ;  effects 
on  tissue  cultures  (83,84,85)  ;  cellular 
proliferation  in  the  European  sala¬ 
mander  (86)  ;  facilitation  of  tumor 
transplantation  (87)  ;  inhibitory  or 
growth  supporting  activity  in  Neuro- 
spora  mutants  (88)  ;  biochemical 
changes  induced  in  target  tissues  [he¬ 
patic  riboflavin  levels  (89,90,91), 
enzyme  induction  (92)]  ;  and  muta¬ 
genic  activity  in  drosophila  or  various 
microorganisms.  None  of  these  has 
proved  generally  capable  of  predicting 
carcinogenic  activity,  although  two 
(mouse  skin  sebaceous  gland  suppres¬ 
sion  and  cellular  proliferation  in  the 
European  newt)  have  been  helpful  in 


predicting  activity  in  cigarette  smoke 
condensate  fractions  (93). 

In  view  of  the  organ  specific  effects 
of  chemical  carcinogens,  as  well  as 
species  differences  in  response  to  them, 
it  is  perhaps  unrealistic  to  expect  that 
any  single  short-term  test  could  elimi¬ 
nate  the  need  for  direct  long-term  test¬ 
ing  for  carcinogenic  activity  in  several 
species.  The  fact  that  useful  informa¬ 
tion  about  carcinogenicity  has  been 
obtained  using  these  methods  and  the 
possibility  that  combinations  of  such 
procedures  will  yield  results  of  pre¬ 
dictive  value  should,  however,  encour¬ 
age  further  development  of  short-term 
testing  procedures. 

PROCEDURE  FOR 
EVALUATING  CARCINOGENICITY 

The  foregoing  discussion  has  sug¬ 
gested  that  a  practical  procedure  for 
evaluating  carcinogenicity  consists  of : 

1.  Continuous  feeding  of  various 
levels  of  the  test  substance  to  rats  and 
mice  for  their  normal  life  spans  and 
to  dogs  for  at  least  4  years.  ^ 

2.  Repeated  topical  application  of 
various  amounts  of  the  test  substance 
to  the  skin  of  mice  for  the  normal  life 
span. 

3.  Single  subcutaneous  application 
of  not  more  than  100  mg  of  the  test 
substance  in  mice  and  observation  of 
the  animals  to  death. 

It  is  emphasized  that  adequate  statisti¬ 
cal  design  of  the  tests  and  the  sug¬ 
gested  precautions  concerning  control 
of  environmental,  nutritional,  and 
other  factors  that  might  affect  the 
tests  and  interpretation  of  their  results 
are  of  greatest  importance. 

The  outlined  procedure  differs  from 
some  that  have  been  proposed  in  that 
it  does  not  include  routine  repeated 
application  by  subcutaneous  injection 
nor  application  to  succeeding  genera¬ 
tions  of  animals.  Limited  subcutaneous 
application  may  be  a  more  valid  evalu¬ 
ation  procedure,  and  fetal  exposure,  as 
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discussed  earlier,  might  yield  useful 
information  in  some  cases.  Other 
useful  modifications  of  the  outlined 
procedures  may  become  apparent  in 
specific  instances.  In  general,  how¬ 
ever,  the  suggested  tests  are  thought 
to  be  both  practical  and  sufficient  for 
the  detection  of  carcinogenicity.  It 
should  perhaps  be  noted  again  that 
potent  carcinogens  will  be  detected 
with  less  stringent  testing,  and  experi¬ 
ence  will  aid  qualified  observers  to 
decide  which  additives  or  proposed 
additives  should  be  subjected  to  the 
whole  battery  of  tests. 

STUDY  OF 

HUMAN  POPULATIONS  IN 
EVALUATING  CARCINOGENICITY 

An  etiological  relation  between  en¬ 
vironmental  exposure  to  a  chemical 
mixture  and  the  production  of  cancer 
was  first  observed  in  the  human,  and 
few  chemicals  or  mixtures  now  known 
to  be  carcinogenic  in  man  were  first 
observed  to  be  carcinogenic  in  labora¬ 
tory  studies.  This  results  partly  from 
the  fact  that  human  beings  are  pro¬ 
tected  from  exposure  to  the  potent 
chemical  carcinogens  that  have  been 
discovered  in  the  laboratory,  but  it  is 
of  interest  that  human  populations 
have  proved  in  some  instances  to  be 
fairly  sensitive  indicators  of  the  pres¬ 
ence  of  chemical  carcinogens.  This  is 
probably  due  to  the  fact  that  an  in¬ 
creased  occurrence  of  cancer  of  a 
specific  site  (scrotum,  bladder,  lung) 
in  a  definable  population  group — such  ^ 
as  an  occupational  group — is  notice¬ 
able  if  the  normal  incidence  of  this 
type  of  cancer  is  small.  For  example, 


the  mortality  from  cancer  of  the  re¬ 
spiratory  system  (except  larynx) 
among  male  workers  in  six  chromate- 
producing  plants  in  the  United  States 
during  a  nine-year  period  was  about 
4.7  per  1000  persons  per  year,  27  times 
that  (about  0.17  per  1000)  for  United 
States  males  of  the  same  age  distribu¬ 
tion  (94).  An  important  prerequisite 
for  firmly  associating  an  increase  in 
the  incidence  of  cancer  with  an  envir¬ 
onmental  agent  is  the  ability  to  classify 
persons  according  to  exposure  to  the 
agent.  If  the  population  cannot  be  so 
classified,  and  if  the  number  of  persons 
actually  exposed  to  the  agent  is  a  frac¬ 
tion  of  the  total  population  (as  is  true 
of  all  known  occupational  carcino¬ 
gens),  the  total  population  effect  may 
be  undetectable  because  highly  diluted. 
The  problem  in  the  case  of  additives  in 
the  general  food  supply  is  somewhat 
different.  It  would  probably  not  be 
possible  to  identify  exposed  and  non- 
exposed  segments  of  the  population,  or 
to  classify  persons  by  degrees  of  ex¬ 
posure.  Thus  study  of  the  general 
population  will  probably  be  of  little 
value  in  estimating  carcinogenicity  of 
additives  after  their  use  becomes  estab¬ 
lished.  It  would  seem  desirable,  how¬ 
ever,  as  is  done  in  other  industrial 
situations,  to  plan  for  systematic  ob¬ 
servation  of  any  identifiable  population 
groups  occupationally  exposed  to  these 
chemicals  for  some  time  after  their 
introduction  into  the  food  supply.  Neg¬ 
ative  findings  after  systematic,  con¬ 
tinuous  epidemiological  observation  of 
such  groups  would  increase  our  con¬ 
fidence  in  the  adequacy  of  experimental 
testing  programs. 
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The  purpose  of  the  tests  that  have 
been  discussed  is  to  provide  informa¬ 
tion  upon  which  to  base  a  judgment 
of  carcinogenic  hazard  to  man  attend¬ 
ing  the  use  of  a  material  as  a  food 
additive.  Acceptance  of  the  assump¬ 
tion  that  information  gained  from 
tests  on  animals  is  useful  for  this  pur¬ 
pose  is  implicit.  The  foregoing  review 
indicated  that,  in  general,  substances 
that  are  potent  carcinogens  for  one 
mammalian  species  are  likely  to  be 
carcinogens  for  many,  but  not  neces¬ 
sarily  all  others;  and  that  there  are 
graded  dose  responses  to  potent  car¬ 
cinogens  with  threshold  levels  of  ad¬ 
ministration  under  specified  experi¬ 
mental  conditions,  below  which  the 
substances  are  non-tumorigenic.  It  is 
assumed  that  these  generalizations  are 
as  true  for  the  week  as  for  the  potent 
carcinogens,  although  there  is  little 
information  upon  which  to  base  the 
assumption. 


It  is  evidently  impossible  to  predict 
with  certainty  that  a  substance  demon¬ 
strated  to  be  carcinogenic  in  tests  such 
as  those  suggested  will  be  carcinogenic 
to  man.  From  the  standpoint  of  the 


practical  necessity  of  estimating  tl 
carcinogenic  hazard  to  man  from  u 
of  a  food  additive,  this  inability 
less  important  than  the  converse.  Fa 
ure  to  demonstrate  carcinogenicity 
the  tests  does  not  assure  that  use  i 
the  test  substance  would  be  withoi 
hazard  The  stringency  of  the  tes 
(use  of  dosages  far  in  excess  of  tl 
possible  intake  by  man  occasioned  1 
the  propose  use,  tests  in  three  sped 
and  by  three  routes  of  administratior 


is  such  that  it  is  believed  that  negative 
findings  indicate  minimal  hazard. 

In  this  respect,  a  note  on  the  use  of 
statistical  significance  tests  is  war¬ 
ranted.  Tables  I  and  II  were  calculated 
with  coefficients  of  risk  (P)  as  either 
0.025  or  0.05  on  the  basis  of  the  con¬ 
ventional  use  of  these  coefficients  in 
estimating  statistical  significance.  It 
should  be  noted  that  P  =  0.05  as  the 
coefficient  of  risk  is  “one  that  has 
come  to  be  frequently  used  in  cases 
where  there  is  no  strong  reason  for 
adopting  a  very  high  or  a  very  low 
figure”  (95).  If  action  based  on  wrong 
rejection  of  the  null  hypothesis  (i.e., 
the  hypothesis  that  there  is  no  real 
difference  in  tumor  incidence  between 
the  test  and  control  groups)  is  less 
hazardous  than  action  based  on  wrong 
acceptance  of  the  hypothesis,  it  may 
be  desirable  to  adopt  a  higher  coeffi¬ 
cient  of  risk  than  0.05.  Thus,  since  the 
public  health  hazard  associated  with 
the  possibility  of  wrongly  concluding 
that  a  chemical  is  not  carcinogenic  is 
likely  to  be  more  important  than  the 
effect  of  wrongly  concluding  that  it 
is,  it  may  be  well  to  look  upon  differ¬ 
ences  which  are  significant  only  at 
P  values  larger  than  0.05  with  sus¬ 
picion  and  as  an  indication  that  further 
investigation  is  needed. 

Information  obtainable  from  dose- 
response  curves  prepared  from  data 
obtained  m  animal  experiments  ap¬ 
pears  of  limited  practical  use  in  evalu¬ 
ating  carcinogenic  hazard  for  man. 
The  apparent  lack  of  quantitative  cor¬ 
respondence  in  the  carcinogenicity  of 
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a  substance  for  different  mammalian 
species  and  the  other  complicating 
factors  that  have  been  discussed  make 
meaningful  extrapolation  from  the 
“no-effect”  level  on  the  dose-response 
curve  to  a  “safe  level”  of  use  by  man 
currently  impossible.  It  seems  reason¬ 
able  to  infer,  however,  that  a  no-effect 
level  exists  for  man  as  well  as  for  the 
laboratory  animal. 

The  assignment  of  a  tolerance  level, 
or  a  safe  level  of  use  for  man,  of  a 
demonstrated  carcinogen  must  at  pres¬ 
ent  rest  largely  on  the  evaluation  of 
alternate  risks  and  values  which  usu¬ 
ally  cannot  be  expressed  in  quantita¬ 
tive  terms.  Quantitative  knowledge 


about  the  carcinogen,  e.g.,  the  slope 
of  the  dose-response  curve,  the  maxi¬ 
mum  experimental  no-effect  level,  the 
minimum  technologic  amount  neces¬ 
sary  for  the  proposed  use,  can,  how¬ 
ever,  be  taken  into  account  in  assigning 
such  a  tolerance  level. 

Because  of  the  vagueness  of  present 
knowledge  concerning  quantitative  as¬ 
pects  of  the  carcinogenic  process,  use 
of  any  amount  of  a  carcinogen  as  a 
food  additive  probably  is  justified  only 
if  (1)  values  to  the  public  are  such 
that  banning  the  use  would  constitute 
an  important  loss  or  hardship,  and 
(2)  there  is  no  reasonably  good  non- 
carcinogenic  alternative. 
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Appendix  A 


Approximate  Total  Quantities  of  Various  Substances 
Necessary  to  Produce  Tumors  in  Animals 


The  data  in  Table  III  are  from 
studies  made  by  the  Food  and  Drug 
Administration.  The  table  is  not  in¬ 
tended  to  give  precise  data  on  dosage 
levels  and  other  experimental  factors 
but  rather  to  show  relative  tumorigenic 


potencies  of  a  number  of  substances 
tested  in  the  same  laboratory  under 
approximately  the  same  conditions.  All 
basal  diets  were  of  high  nutritional 
quality.  Rats  were  of  the  Osborne- 
Mendel  strain  and  (except  as  noted 


TABLE  III.  Approximate  Total  Quantities  of  Substances  Necessary 
Produce  Tumors  in  Animals  (FDA  Data) 


Effective 

Quantity  How  population 1 

Substance  Animal  needed  given  Months  with  tumor,  Location  of  tumor 

per  cent 


Selenium  compounds  Rat 

Thiourea  “ 

Aramite  “ 

Dulcin  “ 

p-Dimethylamino- 
azobenzene  “ 

o-Aminoazotoluol  “ 

Crude  Ergot  “ 

Diethylene  Glycol  “3 

Polyoxyethylene  (8) 

Stearate  “3.  4 

FD&C  Green  2,  Green  3, 

Blue  1  or  Violet  1  “ 

FD&C  Green  1  or 
Orange  1  “ 

FD&C  Yellow  4  “ 

Carboxymethylcellulose  “ 

Polyvinylpyrrolidone  “ 

Polyoxyethylene  (20) 

Sorbitan  Monostearate  “ 
o-Aminoazotoluol  Dog 

p-Dimethylamino- 
azobenzene  “ 


2  =  As^  seleniumPUlati°n  the  animals  living  at  the 

3  =  Male  only 

4  =  87  animals  started 

5  =  Always  in  association  with  bladder  stones 
7  :  2SSZS2?  materkl  ta  *“»  vicinity 


60-100mgJ 

In  diet 

18-24 

20 

2-5g 

44 

24 

50 

20-25g 

44 

9 

50 

75-125g 

44 

15-24 

50 

3-4g 

44 

6-12 

50 

7-10g 

44 

12 

50 

250-600g 

44 

18-24 

27-75 

200-500g 

44 

15-24 

50 

2-3kg 

44 

15-24 

17 

lH-2g 

S.  C.  inj. 
weekly 

12-18 

80 

lH-2g 

44 

18-24 

30-40 

100-150mg 

44 

18-24 

40 

1*2  g 

44 

12-24 

80 

3-6g 

44 

12-24 

65 

3-6g 

44 

12-24 

25 

35-75g 

Capsules 

30-62 

4/57 

75-175g 

44 

38-40 

2/27 

Liver  (hep.  cells) 


<(  44  <4 

44  44  44 

Ear  (neurofibroma) 
Urinary  bladder6 


Injec.  site  (sarcoma) 


Urinary  bladder, 
liver,  gall  bladder 

Urinary  bladder 

time  tumors  began  appearing. 
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in  the  table)  were  in  groups  of  about 
20  evenly  divided  by  sex,  with  sur¬ 
vivors  being  sacrificed  after  24  months 
on  experiment.  Most  of  the  rat  feeding 
experiments  had  several  dosage  levels, 
and  usually  more  than  one  level  pro¬ 
duced  tumors. 

Because  of  the  lack  of  precise  values 
for  total  intake,  and  because  of  the 
non-significance  of  figures  for  the 
earliest  tumor  appearance  among  these 
relatively  small  groups,  there  has  been 


some  combining  of  groups  and  round¬ 
ing  of  figures.  It  is  felt,  however,  that 
total  amounts  of  substances  needed  to 
produce  the  tumor  incidences  stated 
are  correct  to  within  the  range  of  half 
to  double  the  values  given. 

Table  IV  presents  additional  data 
on  effective  dosages  of  tumorigens. 
These  data  are  from  various  labora¬ 
tories.  Average  figures  are  given  in 
some  cases. 


TABLE  IV.  Effective  Dosages  of  Tumorigens(1) 


Total 

Proportion 

Minimal 

of 

Substance 

Animal 

quantity 

How  given 

latent 

experimental 

required 

period 

animals 

responding 

1,2,5,6-Dibenzanthracene(2> 

C3H  Mice 

0.016mg 

Subcutaneous 

3.72  mos 

50% 

males 

injection 

“  (2) 

ii 

0.003mg 

it 

3.72  mos 

5% 

20-Methylchloanthrene(2) 

a 

0.021mg 

ii 

2.48  mos 

50% 

“  (2) 

a 

0.0045mg 

it 

2.48  mos 

5% 

3,4-Benzpyrene  (2) 

a 

O.lOlmg 

ii 

3.2  mos 

50% 

“  (2) 

a 

0.012mg 

it 

3.02  mos 

5% 

1,2  Benzanthracene(3) 

C57  black 

0.05mg 

ii 

5/50 

mice 

“  (2) 

ii 

0.2mg 

a 

11/50 

Beryllium  silicate 

Rabbits 

lg 

6-10  doses 
intravenously 

Significant 

jS-/3'-Dichlorodiethyl  sulfide(4) 

Mice 

0.1 5mg 

6  doses 

intravenously 

2-Acetylaminofluorene 

Rats 

300-500mg 

Daily  in  diet 

50% 

o-Aminoazotoluene 

168C  and 

20-40mg 

Repeated  (8) 

Trypan  blue 

A  mice 

120mg 

injections 
Repeated  (12) 
injections 

High 

100% 

Stilbestrol 

Hamsters 

20mg 

Pellet 

implanted 

41/58 

Carbon  tetrachloride 

A  mice 

0.115- 

By  mouth 

Approx. 

0.145ml 

4.5  mos 

4/29 

4-Aminostilbene 

Bo  III  & 

290mg 

lmg/day 

Approx. 

Wistar  rats 

by  mouth 

10  mos 

5/24 

4-Aminostilbene 

Rats 

14mg 

7  subcut.  in¬ 
jections, 
2mg/wk 

2/12 

it 

a 

40mg 

8  subcut.  in- 
jec.  of  5  mg 

4-Dimethylaminostilbene(6) 

Approx. 

60  mg 

Daily  in  diet, 
0.2mg 

“  (6) 

Approx. 

Daily  in  diet, 

HOmg 

0.6mg 

p-Dimethylaminoazobenzene<,) 

Aramite(7) 

Dog 

700-1000 

mg 

100-150g 

Various  dosage 
levels,  diet 
Daily  diet 

27-41 

13/17 
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Appendix  B 


Listed  here  are  a  number  of  compounds  sometimes  referred  to  as  being 
carcinogenic  for  experimental  animals  but  for  which  available  evidence  seems 
inadequate  to  support  such  conclusion.  The  information  is  adapted  from  that 
recorded  in  Hartwell’s  Monograph  and  its  supplement  (1). 


Compound 
Arsenic  Trioxide 

Sodium  Arsenite 
Copper  Sulphate 


Test  animals 
10  rabbits 
12  rabbits 
40  rats 
38  fowls 


Recorded  result  and  comment 
1  carcinoma  and  3  papillomas 
3  papillomas 
1  sarcoma 
1  testis  tumor 


Hydrochloric  Acid 

Potassium  Hydroxide 
Sodium  Chloride 
Thallium 
Acetylcholine 

Ethyl  Alcohol 

Lactic  Acid 
Lecithin 
Oleic  Acid 

Chloroquinone 
p-Dichlorobenzene 
N  ,N-di-n-butyl-p- 
phenylenediamine 
m-Phenylenediamine 

p-Cresol 
Xylene 
(1) 


Mice-skin  painted  & 
subcutaneous  inj. 
Mouse 

39  rats 
100  rats 

Dogs,  rats,  guinea 
pigs,  fowls 
16  mice 
10  mice 

5  rats 
96  mice 
200  mice 
10  rats 
Mice 

10  mice 
80  rats 

Rats 

6  rats 

40  mice 


Skin  tumors  and  sarcomas, 

questionable  pathology 

Skin  tumors,  questionable  pathology 

2  sarcomas 

Papillomas 

Various  tumors,  questionable 
controls,  questionable  pathology 
1  carcinoma 

carcinoma  of  the  stomach 
subcutaneous  sarcoma 
“cancers” 
skin  tumor 
sarcoma 


1  skin  papilloma 
1  sarcoma 
1  gastric  papilloma 


Bladder  papilloma  by  transplantation 
Questionable  skin  tumor 

583  pp.  PUbHC  HealthVe(vC°PuM.UNo!  llf  WasTn^n :  u!^ 

Office,  l957.a388Jpp.'  HartwelL  Supplement  1  to  the  above.  Washington:  U.  S.  Govt.  Print. 
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Appendix  C 


Incidence  of  Spontaneous  Tumors  in  the  Rat 


Data  on  incidence  of  spontaneous 
tumors  in  the  rat  are  available  from 
a  number  of  laboratories.  Data  from 
different  sources  are  not  always  com¬ 
parable  because  of  1)  variation  in 
thoroughness  of  searching  for  possible 
tumors,  2)  variation  in  types  of 
tumor  recorded,  and  3)  frequent  lack 
of  adequate  records  of  percentage  in¬ 
cidence  by  ages.  A  record  showing 
both  1)  the  percentage  of  all  animals 
with  tumor  made  up  by  a  specified  age 
group,  and  2)  the  percentage  of  all 
animals  in  that  age  group  having 
tumors,  is  needed.  For  the  purposes 
intended  here,  however,  a  general  view 
of  the  data  without  undue  concern 
about  their  consistency  will  suffice.  It 
is  intended  only  to  present  some  idea 
of  the  range  of  incidence  of  sponta¬ 
neous  tumors  that  might  be  expected. 

Two  papers  from  the  Institute  of 
Cancer  Research  of  Columbia  Univer¬ 
sity  give  information  on  the  incidence 
of  spontaneous  tumors  in  the  Insti¬ 
tute’s  colony  during  the  1920’s  (1). 
Tumor  incidence  in  a  population  of 
about  25,000  rats  not  less  than  five 
months  old  of  seven  strains  is  recorded 
by  30-day  age  groups.  Tumor  inci¬ 
dence  rose  from  approximately  1  per 
cent  at  12  months  to  nearly  2  per  cent 
at  18  months,  then  sharply  to  about 
9  per  cent  at  24  months.  There  was 
little  sex  difference  in  incidence  at  24 
months.  In  the  twenty-seventh  month 
the  incidences  were  for  males,  12  per 
cent,  and  for  females,  24  per  cent. 
Some  of  these  data  have  been  published 
elsewhere  (2)  where  the  overall  colony 
incidence  of  spontaneous  tumors  of 
1.53  per  cent  is  reported. 

Ratcliffe  (3)  has  recorded  the  inci¬ 
dence  of  tumor  in  “animals  that  devel¬ 
oped  abnormal  swellings  of  any  part 
of  the  body”  from  two  colonies  of  rats 


of  the  Wistar  Institute  over  a  five-year 
period.  Tumor  was  found  in  273  rats 
(about  85  per  cent  female,  15  per  cent 
male) ,  3.1  per  cent  of  all  the  rats  dying 
during  the  period.  The  conditions  of 
this  study  are  such  that  the  true  inci¬ 
dence  of  tumor  in  the  colonies  probably 
was  not  revealed. 

Recent  studies  indicate  that  higher 
incidence  of  spontaneous  tumor  than 
those  just  noted  may  be  expected  in 
present-day  colonies.  Crain  (4)  found 
tumors  in  189  of  786  rats  (Rochester 
strain  of  the  Wistar  rat)  18-24  months 
old,  an  incidence  of  24  per  cent.  Males 
were  affected  about  as  frequently  as 
females,  partly  because  of  a  high  inci¬ 
dence  of  testicular  interstitial  cell 
adenoma. 

Data  on  rat  tumor  incidence  are  also 
accumulating  in  reports  of  toxicity  and 
carcinogenesis  studies.  No  attempt  is 
made  to  review  all  these  studies  but 
a  few  are  mentioned.  As  in  the  studies 
of  the  Columbia  group  and  of  Crain, 
the  greater  proportion  of  the  animals 
in  the  studies  considered  here  had  been 
treated  in  some  way,  but  the  experi¬ 
menters  felt  that  the  treated  animals 
did  not  differ  from  the  untreated.  High 
incidences  of  pulmonary  lymphosar¬ 
coma  were  noted  in  Wistar  rats  by 
Smyth  (5)  and  in  Albino  Farms  and 
Carworth  Farms  rats  by  Shaffer  et  al 
(6).  Unusually  high  incidences  of 
mammary  tumor  in  female  control  rats 
were  found  by  Ives  and  Dack  (7)  and 
by  Davis  et  al  (8).  The  former  found 
a  mean  incidence  of  1.7  tumors,  prac¬ 
tically  all  mammary,  per  animal  among 
50  Sprague-Dawley  control  rats.  Mean 
tumor  incidence  of  50  control  males 
was  only  0.1  per  animal.  Davis  et  al 
in  a  lifetime  study  on  Sprague-Dawley 
rats  found  mammary  tumors  in  from 
49  per  cent  to  65  per  cent  of  three 
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groups  of  controls  totalling  150  rats, 
with  an  average  life  span  of  slightly 
over  2  years.  Hueper  (9)  lists  the 
various  types  of  tumors  found  among 
235  Osborne-Mendel  and  180  Wistar 
rats  (265  female  and  150  male) .  There 
were  86  benign  and  39  malignant 
tumors.  In  the  Food  and  Drug  Admin¬ 
istration  colony  of  Osborne-Mendel 
rats,  the  incidence  of  pulmonary  lym¬ 
phosarcoma  and  of  renal  sarcoma  is 
distinctly  reduced  over  that  of  15  years 
ago,  whereas  mammary  tumors  in 
females  have  become  more  frequent 
(10).  The  incidence  of  various  types 
of  tumors  among  224  control  and  846 
test  rats  from  this  colony  used  in 
2-year  feeding  experiments  with  a 
single  chemical  compound  has  been 
published  by  Fitzhugh  et  al  (11). 
Tumor  incidence  in  the  male  controls 
was  5.4  per  cent  and  in  the  females 
38.4  per  cent;  of  the  latter,  36  of  the 
43  had  mammary  tumor  only,  some 
histologically  malignant. 

The  Bethesda  Black  strain  of  rat 
has  been  used  by  Hueper  who  states 
(12)  that  it  has  fewer  spontaneous 
tumors,  particularly  mammary  fibro¬ 
adenomas,  than  do  the  Wistar  and 
Osborne-Mendel  strains. 

Genetic  differences  in  the  rats, 
changes  in  diets  used,  or  differences  in 
other  environmental  factors  may  ac¬ 
count  for  the  differences  between  re¬ 
ported  incidences  of  spontaneous 


tumors  in  the  rat  colonies  of  30  years 
ago  and  today.  The  influence  of  diet, 
for  example,  on  tumor  incidence  in 
rats  is  well  known.  Two  studies  are 
cited  to  illustrate  this  influence.  In  a 
study  of  the  effects  of  diet  on  longevity, 
Saxton  et  al  (13)  found  that  200  rats 
(Osborne-Mendel  strain)  whose  food 
intake  had  been  restricted  had  a  total 
of  38  tumors  of  which  17  were  malig¬ 
nant,  whereas  198  rats  whose  food 
intake  was  unrestricted  had  150  tu¬ 
mors  of  which  71  were  malignant.  The 
animals  retarded  in  growth  by  under¬ 
feeding  outlived  the  well-fed  controls 
“by  nearly  50  per  cent”;  thus  the  re¬ 
duction  of  tumor  incidence  in  the 
underfed  groups  was  not  a  result  of 
shortened  life.  Gilbert  et  al  (14)  sum¬ 
marize  their  recent  experience:  “A 
group  of  586  GG  strain  rats  reared 
in  Johannesburg  showed  a  high  fre¬ 
quency  of  spontaneous  neoplasms,  74 
per  cent  of  all  males  and  50  per  cent 
of  all  females  being  tumor-bearers. 
Eighty  per  cent  of  all  neoplasms  were 
found  in  the  endocrine  glands,  phaeo- 
chromocytoma  being  the  commonest 
tumor  in  both  sexes  and  interstitial 
cell  tumors  of  the  testis  and  fibro¬ 
adenoma  of  the  breast  ranking  second 
in  order  of  frequency  in  males  and 
females  respectively.  By  radical  modi¬ 
fication  in  the  diet,  without  interfer¬ 
ence  with  life  expectation,  it  was  pos¬ 
sible  to  achieve  profound  changes  in 
tumor  frequency  rates.  .  . 
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Appendix  D 

Incidence  of  Spontaneous  Tumors  in  the  Dog 


The  dog,  like  the  mouse  and  rat, 
has  a  relatively  high  incidence  of  spon¬ 
taneous  tumors.  The  incidence  may 
appear  to  be  considerably  less  in  the 
dog  than  in  the  rat  since  laboratory 
dogs  are  usually  of  an  age  below  that 
of  high  tumor  incidence  and  are  seldom 
kept  on  experiments  long  enough  to 
become  truly  aged,  and  it  is  possible 
that  the  real  incidence  either  in  the 
general  population  or  in  a  given  rela¬ 
tive  age  group  is  less  in  the  dog  than 
in  the  rat.  Available  data  do  not  show 
this  convincingly,  however.  Compila¬ 
tions  in  the  English  language  of  statis¬ 
tics  of  tumor  incidence  in  dogs  (1,2,3) 
either  give  no  mention  of  the  total 
population  from  which  the  tumor- 
bearers  came  or  are  based  on  a  se¬ 
lected  population  made  up  of  dogs 
brought  to  veterinary  clinics  or  hos¬ 
pitals  because  of  illness.  To  the  extent 


that  this  population  consists  of  older 
dogs,  past  the  usual  infectious  disease 
age  and  in  the  age  of  greatest  tumor 
incidence,  the  data  will  be  biased. 
Statistics  such  as  those  of  Krook  (2) 
showing  a  25  per  cent  carcinoma  in¬ 
cidence  in  10-12  year  old  animals  must 
be  read  with  this  caution  in  mind. 

For  comparing  relative  ages  of  dogs 
and  rats,  a  ratio  of  5  to  1  for  equiva¬ 
lent  age  appears  reasonably  accurate. 
Three  years  for  the  rat  and  15  for  the 
dog  are  not  the  extremes  of  life,  but 
not  more  than  a  few  per  cent  of  each 
species  live  beyond  these  ages.  The 
onset  of  sexual  maturity  occurs  at 
about  10  months  in  the  dog  and  2 
months  in  the  rat.  The  upward  turn 
toward  a  high  tumor  incidence  occurs 
in  the  dog  at  from  5  to  7  years  of  age 
and  in  the  rat  at  1.5  years,  a  ratio  of 
about  4:1. 
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Krook  studied  the  incidence  of 
tumors  in  a  large  population  of  dogs 
(2).  Among  6808  dogs  autopsied  in 
the  period  1935-1952  at  the  Royal 
Veterinary  College  in  Stockholm,  there 
were  410  with  “carcinoma”  (semino¬ 
ma  and  heart-base  tumor  were  ex¬ 
cluded),  an  overall  incidence  of  6.0  per 
cent.  The  average  age  of  all  autopsied 
dogs  was  4.3  years,  and  of  the  tumor- 
bearers  9.8  years.  The  group  at  ages 
8-12  included  75  per  cent  of  the  tumor- 
bearers.  Other  recent  studies  of  large 
series  of  dog  tumors  are  those  of  Cot- 
chin  (1)  and  Mulligan  (3).  These  two 
studies  do  not  give  the  total  population 
from  which  the  tumor-bearers  came. 
Mulligan  does  not  report  incidence  of 
tumors  by  yearly  age  intervals  of  his 
animals,  but  does  state  that  at  least 
583  (72  per  cent)  of  the  809  tumor- 
bearers  were  7-14  years  of  age.  Cot- 
chin  reports  incidence  by  age  interval 
and  finds  5-12  years  to  be  the  com¬ 


monest  age  group,  accounting  for  74 
per  cent  of  the  dogs  with  tumors. 
Mulligan  (4)  presents  a  detailed  re¬ 
view  of  the  literature,  predominantly 
German,  up  to  1944  and  concludes 
that  “the  most  common  age  group 
among  dogs  afflicted  with  both  cancer¬ 
ous  and  noncancerous  tumors  is  that 
between  6  and  10  years.” 

From  the  descriptions  of  these  large 
series,  it  is  evident  that  cutaneous  and 
mammary  tumors  make  up  half  or 
more  of  the  total.  Less  numerous  are 
tumors  of  the  testis,  lung,  liver,  and 
(common  in  goiter  areas)  thyroid. 
Although  there  appear  to  be  no  highly 
remarkable  breed  differences  among 
dogs  in  susceptibility  to  spontaneous 
tumors,  Krook  and  Cotchin  mention 
several  that  are  of  significance. 

Cotchin’s  monograph,  “Neoplasms 
of  the  Domesticated  Mammals”  (5)  is 
valuable  for  its  references  to  individ¬ 
ual  types  of  dog  and  cat  tumors. 
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